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The World’s Largest 
Electrical Precipitators 
For Basic Oxygen 
Steelmaking 


The Cottrell precipitators at the right 
of the photo remove dust and fume 
from waste gases at the Kaiser Fon- 
tana Plant with 99.8% efficiency. This 
huge new basic oxygen steel plant 
was designed and constructed by 
Kaiser Engineers. 
The three Cottrells were designed 
and built by Research-Cottrell to 
_ ae fe clean 607,500 cubic feet of gas per 
Research-Cottrell _ minute from the oxygen furnaces. 


They are installed between the fur- 


nace exhaust ducts and the fans serv- 
ing the three stacks seen at right 
forbasic oxygen 
The high gas cleaning efficiency of 
: steel king Ba . this installation is obtained by means 
of tested and proven Cottrell design 
' features including electrical section- 
alization, Opzel collecting plates, and 
continuous, automatic operation of 


At present Research-Cottrell has designed high tension rappers and M.I. plate 
a total of ten precipitators for basic oxygen rappers. 
steelmaking with a total capacity of ap- Research-Cottrell provides the most 


proximately 2,000,000 cubic feet per minute. modern and comprehensive engineer- 
ing and equipment available, based 


on hundreds of Cottrell installations 
all over the world. 


. 


Research-Cottrell 


RESEARCH-COTTRELL, INC., Main Office and Plant: Bound Brook, N. J. 
Head Wrightson—British Licensee CLEAmING INSTITUTE 
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COVERS 4 sit of tondon in New York, ‘twill be contents 
on the 17th of October with the arrival of members personnel 


ing in the USA ond Canada: We dedicate this issue to es 
ee colleagues and bid them welcome to our engineering consultants 
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OCTOBER TRANSACTIONS CONTENTS 


Refractory Metals in Europe 
by Robert I. Jaffee 


Processing Superconductive Columbium-Tin Wire 
by K. M. Olsen, E. O. Fuchs, and R. F. Jack 


Itinerary of The Iron and Steel Institute’s Visit 


A WELCOME to Members of The Iron and Steel Institute 
by J. B. Austin 


A WELCOME From The Metallurgical Society 
by J. L. Smart, Jr., and Karl L. Fetters 


The Iron and Steel Institute 
by K. Headlam-Morley 


The Organization of The British Steel Industry 
by A. H. Leckie 


Blast Furnace Fuel Oil Injection 
by W. R. Rombough 


Fourth International Plansee Seminar 
by Werner Leszynski 


Pressureless Compacting and Sintering of Metal Powders 
by H. H. Hausner 


Oxygen-Enriched Air in Lead and Zinc Smelting 
by L. Landucci and F. T. Fuller 


CONDENSED PROGRAM: 19th ELECTRIC FURNACE CONFERENCE 


EDITORIAL STAFF: Editor in Chief, F. Weston Starratt; Associate Editor, Edward Fitzgerald, 
Production Editor, Otto Johnson; News Editor, William Leggitt; Editorial Assistant, C. M. Cardon. 
ADVERTISING SALES MANAGER: Lee Kent, 122 East 42nd St., New York 17, N. Y. 

WESTERN ADVERTISING REPRESENTATIVE: Dillenbeck-Galavan Inc., 

266 S. Alexandria Ave., Los Angeles 4, Calif. 
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plates to: JOURNAL of METALS, C/O Lew A. Cummings Co., Inc., 215 Canal St., Manchester, N. H. Published the first day of each 
month the American Institute of Mining, Metallurgical and Petroleum Engineers, Inc., 345 E. 47th Street, New York 17, N. Y. 
Telephone: PLaza 2-6800. Subscription $10 per year for non-AIME members in North, South & Central America, $12 elsewhere; $6 
for AIME members, or $4 additional for members, only in combination with a subscription to ““Mining Engineering” or ‘‘Journal of 
Petroleum Technology.’”’ Single copies, $1.50. The AIME is not responsible for any statement made or opinions expressed in its publi- 
cations . . . Copyright 1961 by the American Institute of Mining, Metallurgical, and Petroleum Engineers, Inc . . . Registered ad- 
dress, AIME New York . . . Indexed in Engineering Index, Industrial Arts Index, and Chemical Abstracts . . . Second class postage paid 
at New York, N. Y., and at Manchester, N. H. Numbers of copies in this issue, 13,100. 
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personnel 


@ These items are listings of the 
Engineering Societies Personnel Ser- 
vice, Inc. This Service, which co- 
operates with the national societies of 
Civil, Chemical, Electrical, Mechanical 
and Mining, Metallurgical, and Petro- 
leum Engineers, is available to all 
engineers, members or non-members, 
and is run on a nonprofit basis. 

If you are interested in any of 
these listings, and are not registered, 
you may apply by letter or resume 
and mail to the office nearest your 
place of residence, with the under- 
standing that should you secure a 
position as a result of these listings 
you will pay the regular placement 
fee. Upon receipt of your application 
a copy of our placement fee agree- 
ment, which you agree to sign and 
return immediately, will be mailed to 
you by our office. In sending ap- 
plications be sure to list the key and 
job number. 

@ When making application for a 
position include eight cents in stamps 
for forwarding application. 


—MEN AVAILABLE— 


Engineer, B.S. Ch. E. ‘51, M.S. Math-Stat., 
‘56, age 33. Desires position in research 
and development field. Ten years experience 
in research on metal extraction. Presently 
supervising math department using electronic 
computers. M-261 


Consultant, US, Canada, Europe, German 
Ph.D., age 31. Representation of US and 
Canadian firms in Europe. Technical and 
scientific consulting, production research and 
development in ferrous and non-ferrous 
extractive metallurgy, laboratory-research 
(physical chemistry of reactions and alloys, 
thermodynamics). Modern smelting and 
refining methods, plant design. Location, 
US or Europe. M-262 


Metallurgical Engineer, B.S. Met. Eng., age 
27. Experienced materials and process devel- 
opment of thermoelectric generation and 
refrigeration materials, semiconductor doping 
and solder alloys, IlI-V compounds. Silicon 
evaluation; atomic fuel and fuel element 
processing and process development, test 
development, specification writing. Midwest. 
M-2252-Chicago 


Managerial, or Consulting 
Engineer, M.S. Met. Eng., age 33. Consultant 
on metallurgical problems. Presently with 
non-ferrous smelter, also for foundries, die- 
casters, permanent plaster-shell-investment 
mold casters. Considerable profit improve- 
ment. Development new products. Well-versed 
im steel, cast and nodular irons, fabrication, 
heat treatment, management. Any location in 
US. M-2253-Chicago 


Metallurgical, 


Metaliurgist, Foundry, B.S. Met. Eng., age 
39. Thirteen years steel foundry; eight years 
chief metallurgist. Fully qualified all phases 
foundry practice. Midwest or East. M-2254- 
Chicago 


COLUMBIUM 
CONCENTRATES 


Let us send you complete information on our production. 


Metallurgical Consultant, Research and 
Development, M.A. Geol., Reg. P.E., age 54. 
Twenty-six years experience metallurgical 
consulting, property development, cost esti- 
mating, ferrous and non-ferrous metallurgy, 
research and development. Specialist in 
minerals beneficiation, particularly iron ores 
and treatment of magnetite concentrates. 
North America, South or Midwest US. 
M-2255-Chicago 


Assistant Plant Superintendent, Met. Eng., 
AIME, age 33. Prefer Western United States. 
Home: California. $800. Eleven years of va- 
ried manufacturing experience (plant facili- 
ties, quality control, production, planning, ap- 
plication, and policy making) at progressively 
higher levels. Primary, secondary lead 
smelting, cadmium refinery. Responsible to 
superintendent and vice president. Se-1766 


Metallurgist-Mining: Met. Eng., AIME, age 
32. Prefer Northwest. Home: Arizona. $750. 
Sound educational background, exceptional 
experience in developing a process employing 
pyro-metallurgical, hydro-metallurgical, and 
mineral dressing techniques. Welcomes re- 
sponsibility and handles men well. Se-1039 


Metallurgical Engineer-Metals, Process 
Development, Met. Eng., AIME, age 30. 
Prefer Southwest. Home. Ohio. $650. Two 
years research and development in processing 
and fabricating refractory metals, ceramics, 
and intermetallic compounds by casting, 
powder metallurgy, and extrusion. Eighteen 
months metallurgical research co-op training. 
Se-1739 


—POSITIONS OPEN— 


Quality Control Manager, engineering 
degree, preferably metallurgical, mechanical, 
or chemical with major in metallurgy, to 
direct the establishment and maintenance of 
quality standards for medium to high volume 
production of severe-duty, high precision 
ferrous metal components for automotive and 
aviation equipment. Experience in a respon- 
sible position supervising quality control 
operations in the automotive or aviation 
manufacturing field; considerable experience 
in metallurgical analysis and testing; ex- 
perience in metal manufacturing, particularly 
with forging, heat treating, and grinding 
operations. $12,000-$15,000. Midwest. W719C 


Welding Engineers, graduate mechanical 
or metallurgical, preferably experienced in 
all phases of code welding of heavy high 
pressure vessels, including nuclear compo- 
nents. Research projects in welding, form- 
ings, and physical properties. To $9600 year. 
New Jersey and Pennsylvania. W718 


Chief Metallurgist (#132), Ph.D. required, 
with three years administrative experience 
handling research groups, developing, out- 
lining, and executing research programs. 
Must be familiar with present day concepts 
of metal physics and with modern research 
techniques in physical metallurgy. Some 
knowledge of welding techniques preferred. 
Will be head of metallurgical and welding 
group of about 20 people. $14,000 year range. 
Apply by letter including past earnings and 
present salary requirements. Ohio. W712 


Metallurgical Engineer, with mechanical 
or metallurgical degree, some experience in 
production and working knowledge of 
powder metallurgy, for small company with 


(Continued on page 767) 


POSITION OPEN 


RESEARCH SUPERVISOR 
REFRACTORY ALLOYS 
PROTECTIVE COATINGS 


We are @ man qualified to direct 
an experienced and highly capable work- 
ing group toward continued achievement in 
the development of advanced refractory 
metal alloys and protective coatings. Com- 
plete laboratory facilities and a highly 
skilled laboratory staff are available for 
direct program tasks a | 
studies us advanced instrumental a 
chemical techniques. 


Proven ability in the conduct and supervi- 
sion of related r h is ired and an 
advanced degree is desirable. 

Please send complete resume to Mr. L. T. 
Shiembob, Employment Supervisor. 


CANEL 
Box 611, Middletown, Conn. 
PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 


All qualified applicants will receive con- 
sideration for employment without re- 
gard to race, creed, color or national 
origin. 


Address replies for positions 
to the nearest local office of the 
Engineering Societies Person- 
nel Service, Inc., not to the 
JOURNAL OF METALS. Offices are 
located at 29 E. Madison St., 
Chicago 1, Ill. . . 57 Post St., 
San Francisco, Calif. ... and 
8 W. 40th St., New York 18, 


Produced at Oka, near Montreal. 


Sure source of supply from large- 
tonnage deposits now available. 


Sz. Lawrence Columbium & Metals Corp. 


Suite 810—159 Craig Street West 
Montreal, Canada 


Metallurgist 


Opening for Ph.D. with background 
in diffusion or sintering for fun- 
damental studies in these allied 
fields. Publications in these fields 
desirable. Academic atmosphere 
publications encouraged, libera 
employee benefits. Send complete 
resume and salary requirements to: 


DIRECTOR OF PERSONNEL 


THE FRANKLIN INSTITUTE 
PHILADELPHIA 3, PA. 


An Equal Opportunity Employer 


METALLURGIST 


Continued growth and expansion into new 
fields has created an unusual opportunity 
in our Central Research Laboratory. We are 
seeking a person who has at least five 
yeors experience in physical metallurgy of 
refractory ae molybdenum, tungsten, 

bium) etc., and stainless 
steels. Sock round in applications and 
product development in these metals very 
desirable. Salary commensurate with train- 
ing and experience. Advancement based 
upon individual merit. Location provides 
easy access to nation’s outstanding hunt- 
ing and fishing areas. 


Send resume to: 

Technical Employment 
MINNESOTA MINING & 
MANUFACTURING CO. 

900 Bush Avenue 
St. Paul 6, Minnesota 


—An Equal Opportunity Employer— 
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Unmatched facilities nearby 
help you profit with UCM’s “FIVE-DEEP” Ferroalloys 


1) Unmatched Facilities for production 
_ and fast delivery of Union Carbide Metals’ 
FIVE-DEEP alloys insure uninterrupted pro- 
duction at your metal-producing plant! 
Six plants—3 with their own power facil- 
ities—and 17 warehouses, all located for 
fast shipments by rail, truck, or water. 
These unmatched facilities are just one 
of the 5 intangible but ever-present extra 
values of FIVE-DEEP alloys. The others: 
Strictest Quality Control — with over 
100,000 tests per month from mines to 
shipment—makes sure you always get 
alloys of uniform size and analysis, with 
minimum fines, lot after lot. 
Technology— many million dollars 
worth a year—helps you produce better, 
more profitable metals. UCM’s 600-man 
research and development center is the 
birthplace of hundreds of new alloys. 


Global Ore Sources assure you unin- 
terrupted supplies of ferroalloys. UCM’s 


close association with world-wide mines 
rovides dependable raw material sources. 

Customer Service brings you our inte- 
grated experience in the application of 
ferroalloys to various melting practices. 
Engineers from 9 UCM field offices travel 
a million miles a year to provide on-the- 
scene assistance. 

For better metals, production economies, 
bigger profits, insist on UCM’s FIVE-DEEP 
alloys. Union Carbide Metals Company, 
Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y., 
producer of “Electromet” brand metal- 
lurgical products. 


“Union Carbide” and “Electromet” are registered 
trade marks of Union Carbide Corporation. 


UNION 
CARBID 


Only ELECTROMET ferroalloys from UCM are so deep in extra values to help you. 


re 
3; 
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At Bell Telephone Laboratories, mathematician Sidney Darlington 
has contributed notably in developing the art of circuit analysis. 


... It is essentially a thing of the mind for it works through concepts, symbols and 
relationships ... it helps man to analyze and synthesize the complex phenomena of the 
universe and himself... it works in many ways to advance electrical communications: 


IT IS CALLED MATHEMATICS 


At Bell Telephone Laboratories mathe- 
matics works powerfully to solve problems 
involving complex data. For example, engi- 
neers must design and synthesize complex 
systems to process specific signals in precisely 
controlled ways. At the same time the tech- 
nology provides a wide choice of circuits and 
components. Mathematical circuit analysis 
reveals the circuits which can do the job 
most efficiently and economically. 

Intriguingly, too, the mathematical ap- 
proach leads to basically new knowledge. For 
example, it led to the invention of the electric 
wave filter . . . disclosed a kind of wave trans- 


mission which may some day carry huge 
amounts of information in waveguide systems 
... foretold the feasibility of modern quality 
control ...led to a scientific technique for de- 
termining how many circuits must be pro- 
vided for good service without having costly 
equipment lie idle. 


In the continuing creation of new devices, 
technologies and systems, Bell Laboratories 
utilizes whatever serves best—mathematical 
analysis, laboratory experimentation, simula- 
tion with electronic computers. Together 
they assure the economical advancement of 
all Bell System communications services. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Complete, detailed information on all 
factors affecting your project is thor- 
oughly analyzed and evaluated to give 
you accurate, comprehensive data to 
provide a sound basis for your decision. 


SERVICES 


THAT CONVERT YOUR NEW-PLANT COST 


Modern electronic data-processing 
equipment enables our technical experts 
to make exhaustive explorations of all 
possibilities to select the economic 
optimum combination for your plant. 


A thoroughly detailed bid, submitted on 
either a lump-sum or cost-plus-fee basis, 
tells you clearly and exactly what we pro- 
pose to do, how we will do it, how long 
it will take and how much it will cost. 


McKee-WKE engineers can supply any or all of 
the specialized engineering and construction serv- 
ices necessary to design, build and equip your 
complete plant—from its earliest inception to 
final completion and initial operation. You deal 
with one experienced, responsible organization, 
sign one contract—and we do the rest. We as- 
sume complete responsibility for the entire proj- 
ect. This frees you and your personnel from the 
necessity of multiple contract negotiations with 
sub-contractors and the consequent division of 
responsibility. From preliminary planning to pro- 
ducing plant, every detail of your project is in the 
capable hands of a versatile, experienced staff 
that can deliver the results you want anywhere 
in the world. A call to any McKee or WKE office 
will bring you convincing evidence of how each 
of our seven services can work effectively for you. 


ENGINEERING 


The specialized knowledge and practical 
experience of experts in every applicable 
branch of engineering are brought to 
bear on your project by the large, diver- 
sified McKee-WKE engineering staff. 


PURCHASING 

From long experience our purchasing 
men know how to get the right mate- 
rials and equipment, from the right 
sources, at the right price, inspected and 
on the job at the right time—anywhere. 


Our field engineers know how to build 
your plant to specifications, on sched- 
ule, within the budget. They know your 
local customs and conditions—how to 
employ local labor to your advantage. 


START-UP AND OPERATION 


MecKee-WKE engineers will help your 
own staff put the plant in operation. We 
can also hire or train competent oper- 
ators for you, or negotiate a contract 
for management of your new plant. 


THE McKEE ORGANIZATION 2300 chester Ave., 


‘ Cleveland 1, Ohio. Offices: New York, N. Y.; Union, New Jersey; Washington, D. C.; Subds/o/aries: Toronto and 
Montreal, Canada; Mexico City, Mexico; Sao Paulo, Brazil; Buenos Aires, Argentina; McKee Head Wrightson, London. 

cM WESTERN KNAPP ENGINEERING C0., 650 Fifth St., San Francisco 7, Calif. Offices: New York; Chicago; Hibbing, Minn, 

CoG INTERNATIONAL ENGINEERING 

AND CONSTRUCTION SERVICES 


Le 
. 
tee 
Ne 
SELECTION OF PROCESS DESIGN 
af 
r 
INTO A PROFIT-EARNING INVESTMENT 3 
~ 
nat 
aie wh 
. . wos 
y 
| 
d 
- 
= wtf 
CONSTRUCTION 
~4 
ad 
Bh 


Just Published... 


PROGRESS IN MATERIALS 
SCIENCE Volume 9 
(Incorporating Progress in 
Metal Physics) 
Edited by Bruce Chalmers 
1. Nuch Magneti: in 
Metals (Rowland) $4.50 
2. Effect of Temperature and Alloy- 
ing Additions on the Deformation 


(Kramer & Dewor) 
4. Hydrogen Embrittiement of Steel 
(Cotterill) $5.00 
5 


. Structure ond Properties of Solid 
Solutions (Silversen & 


HIGH TEMPERATURE 
METALLOGRAPHY 


M. G. Lesinskii 


This first systematic exposition of 
the complex problems of high 
temperature metallography contains 
descriptions of new methods of in- 
vestigation and apparatus which 
make possible the study of the 
microstructure and properties of 
metals and alloys at high tempera- 
tures in vacuo. The translator's 
close collaboration with the author 
has made possible the inclusion of 
up-to-date material which has not 
yet appeared in the U.S.S.R. Over 
100 plates, most of them photo- 
micrographs and electron photo- 
micrographs, are included. $17.50 


THE CONTINUOUS 
CASTING OF STEEL IN 
COMMERCIAL USE 


K. P. Korotkev, H. P. Mayorev, A. A. 
Skvortsev and A. D. Akimenke 


In 1955 a production-size continuous 
casting plant was started up at the 
Krasnoye Sormovo works in Russia. 
There are remarkably few con- 
tinuous casting plants in the world 
and that at Krasnoye Sormovo is, 
from its capacity, one of the 
largest. 


The advantages of the new casting 
process lie in the elimination of 
such basic parts of the metal- 
lurgical process as pouring into 
ingot molds, reheating, and re- 
ducing the ingots in the cogging 
mill. In this book the designing, 
starting up and operation are fully 
described. 


METALLIC CORROSION 
INHIBITORS 


I. N. Putileva, 8. A. Balezin and V. P. 
Barannik 


This monograph reviews the theo- 
retical and practical aspects of the 
application of corrosion inhibitors. 
It deals with the classification of 
inhibitors and their characteristics 
when added singly or as mixtures 
of corrosive media; examples of 
synergism and antagonism are 
given, and the effects of tempera- 
ture and movement of the medium, 
ete., are described. $10.00 


Send for descriptive leaflet on this series. 


PERGAMON 
PRESS, INC. 


122 E. 55th St., Dept. JM 
New York 22, N. Y. 
NEW YORK @ OXFORD e@ PARIS 
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SENIOR 
RESEARCH 
SCIENTISTS 


Outstanding opportunities for 
scientists with Physical Metal- 
lurgy or Ceramics background 
interested in basic materials re- 
search. Responsible positions 
available for Ph.D’s preferably 
with post-doctorate research ex- 
perience. 

Current group interests are in 
mechanical properties of crystal- 
line and non-crystalline solids, 
including single and polycrystal- 
line ceramics, refractory metals 
and plastics; oxidation mecha- 
nisms in metals; alloys for high 
temperature thermocouple pur- 


. Write in confidence to: Dr. C. H. Li, 
loneywell Research Center, Hopkins, Minn. 


Honeywell 


Fiat 

To explore professional opportunities in other 
Honeywell locations, coast to coast, send your 
application in confidence to Mr. H. D. Eck- 
strom, Honeywell, Minneapolis 8, Minn. All 
qualified applicants will receive consideration 
for employment without regard to race, creed, 
color or national origin. 


RESEARCH IN 
METALLURGY 


Several positions for metallurgical research 
engineers have been created by an expansion 
in TAPCO’s Materials Technology Group. 

This group is involved in supplying state- 
of-the-art information on advanced ma- 
terials applicable to a wide range of missile 
and space projects. 

Specifically, opportunities exist for indi- 
viduals qualified in these areas: 
@ To independently conduct metallurgical 
research efforts in the development of high- 
temperature nonferrous alloys, and to lead 
in studies of fabrication techniques for these 
alloys and the refractory metals. 
@ To plan and to conduct weld research 
programs on refractory metals and super- 
alloys. Serve as consultant to engineering 
design and model shop groups. 
@ To develop processing requirements and 
specifications for metallic materials used in 
rocket-nozzle and power-generation devices 
for space and missile applications. 
@ To perform research and development 
on high-temperature plastics related to in- 
sulating, heat and ablation-resistant and 
fiber-reinforced materials for high-thrust 
rocket-nozzle applications. 
All qualified applicants will receive con- 
sideration for employment without regard 
to race, creed, color or national origin. 

To receive oe consideration of your 
inquiry, please mail your resume to: 

R. J. Theibert, Manager Materials Staffing 


ANTAPCO 


‘wm. Thompson Ramo Wooldridge inc. 
23555 EUCLID AVE., CLEVELAND 17, OHIO 


INDUSTRIAL 
SALES 
REPRESENTATIVE 
LOS ANGELES 


or related sales contacts with the 

dustrial metals industry. 

Excellent opportunities in growing 

chemical and petro-chemical Los An- 
company. Salary commensurate 

sw . Send resume to Box 


EXTRACTIVE 
METALLURGIST 


MS preferred. Eight years or more 
non-ferrous experience, pilot plant 
through operations. Experience in 
consulting, feasibility, and eco- 
nomic studies desirable. 


Work involves consulting, feasibil- 
ity, economic studies, and process 
design. Worldwide operations. Su- 
perior working conditions. 


Send Confidential Resume to 
Personnel Department 


C F BRAUN & CO 


Engineers & Constructors 
Alhambra, California 


Mechanical 
Metallurgist 


Perform original research on 
forming, drawing and re- 
lated secondary fabrication 
methods for aluminum and 
copper based alloys at our 
new Metallurgical Labora- 
tories at New Haven, Con- 
necticut. Research will entail 
both experimental and theo- 
retical analysis of problems 
in plasticity. Fundamental 
contributions to the litera- 
ture in this field will be en- 
couraged. 


Ph.D. in Mechanical Metal- 
lurgy or equivalent preferred. 


Send resume stating salary re- 
quirements to 


Leo C. Clancy 


Clin 


275 Winchester Ave., New Haven 4, Conn. 


4 

Prefer with metallurgical or 
chemica engineering degree and ie 
sales experience in the carbon industry 
* 

5. Effect of Environment of Me- ee 

F chanical Properties of Metals 

‘ 

| | 
| : 

q 
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MEMBERSHIP 
DIRECTORY 


The Metallurgical Society 


The American Institute of Mining, Metallurgical, 
and Petroleum Engineers, Inc. 


Membership Directory Is Off the Press! 


The Metallurgical Society’s bi- 
annual Membership Directory is off 
the press, and copies have been 
mailed to all members who returned 
the coupon which appeared in the 
May issue of JOURNAL OF METALS. 


The Directory includes both an 
alphabetical listing of members’ 
names showing addresses, date of 
joining AIME, and primary divi- 
sional affiliation, and a geographical 
listing by country, state, city, and 
company. 

The Directory will not be included 
as an insert to JOURNAL OF METALS, 
as was the Directory issued in July, 
1959. Copies may be purchased for 
$1.00 per copy as long as the supply 
lasts. 
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engineening 
consultants 


Announcements of specialized ser- 
vices published in this section at 
the rate of $60.00 per inch per 
year (12 consecutive issues). Send 
your order and copy to JOURNAL 
OF METALS Adv. Dept. EC, 122 
East 42nd Street, New York 17. 


ENGINEERING CONSULTANTS FOR 
THE ALUMINUM INDUSTRY 


Specialists in Manufacturing & Equipment 
Builders of Fine Equipment 
Continuous Sheet and Billet Casters 
Sheet and Foil Rolling Mills 
Sheet Painting and Coating Equipment 
Billet Sows, Roll Formers, Embossers 
Special Equipment 


Hunter Engineering Co. @ P. O. Box 272 
@ Riverside, Calif. 


PROPANE GAS PLANTS 


ANHYDROUS AMMONIA PLANTS 
Designed and Installed 


PEACOCK CORPORATION 
Box 268, Westfield, N. J. 


OX7-6090 
PROMOTION ASSOCIATES 
Engineering Writers 
tion of Articles @ Reports 
Seles Literature @ Technical Advertising 
122 East 42nd Street, New York 17, N.Y. 


EUROPE 


Technical information and Liaison 
Services are available from a Profes- 
sional Engineer Resident in the U.K. 


Write Box JM, Journal of Metals 
29 W. 39th Street, New York 18, N. Y. 


O! 3-0078 


Conrad A. Parlanti 
11 Bredford Road 
Natick, Massochusetts 


Metallurgy Foundry 
Electronics Materials 
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Contents of the October 1961 TRANSACTIONS 


Derivation of Phase Diagram for the Silicon-Oxygen-Carbon System— 
W. A. Krivsky and R. Schuhmann, Jr. 

A Reinvestigation of the Systems Ti-Cr and Ti-V—Felix Ermanis, Paul 
A. Farrar, and Harold Margolin 

Effects of Grain Boundary Structure on Precipitate Morphology in an 
Fe-1.55 Pct Si Alloy—S. Toney and H. I. Aaronson with an Ap- 
pendix by N. A. Gjostein 

The Effects of Interstitial Solute Atoms on the Fatigue Limit Behavior 
of Titanium—Harry A. Lipsitt and Douglas Y. Wang 

Thermodynamics and Kinetics of the Deoxidation of Thorium by 
Calcium—David T. Peterson 

Metal Deposition Coefficients in Filament Bundles—J. H. Oxley, J. E. 
Oberle, C. E. Dryden, and G. H. Kesler 

Determination of Interstitial Solid-Solubility Limit in Tantalum and 
Identification of the Precipitate Phases—Dale A. Vaughan, Oliver 
M. Stewart, and Charles M. Schwartz 

Determination of the Glide Elements and Recrystallization in InSb— 
M. S. Abrahams and G. W. Neighbor 

Silver Diffusion in the Intermetallic Compound AgMg—W. C. Hagel 
and J. H. Westbrook 

Observations Concerning Zone Refining and Thermal Treatment of 
Molybdenum from Low Temperature Resistance Measurements— 
E. Buehler and J. E. Kunzler 

Lattice Strains and X-Ray Stress Measurement—Matthew J. Donachie, 
Jr. and John T. Norton 

—_. + Strengthening of Ag by Al—A. A. Hendrickson and 

ine 

Determination of Number of Particles Per Unit Volume From Measure- 
ments Made on Random Plane Sections: The General Cylinder and 
the Ellipsoid—R. T. DeHoff and F. N. Rhines 

The Recrystallization of Dilute Alpha Iron-Molybdenum Solid Solutions 
—W. C. Leslie, F. J. Plecity, and F. W. Aul 

The Effect of Surface-Active Agents on the Mechanical Behavior of 
Aluminum Single Crystals—I. R. Kramer 

Grain Refinement of Steel Ingots by Solidification in a Moving Electro- 
magnetic Field—Frederick C. Langenberg, Guenter Pestel, and C. 
Richard Honeycutt 

An Analysis of Powder Compaction Phenomena—R. W. Heckel 

The Constitution Diagram Niobium (Columbium)-Rhenium—Bill C. 
Giessen, Rolf Nordheim, and Nicholas J. Grant 

The Zirconium-Rich Corners of the Ternary Systems Zr-Co-O and Zr- 
Ni-O—M. V. Nevitt and J. W. Downey 

The Density of Liquid Plutonium Metal—C. Z. Serpan, Jr. and L. J. 
Wittenberg 

Thermodynamics of Silicon Monoxide—H. F. Ramstad and F. D. Rich- 
ardson, with an Appendix by P. J. Bowles 

Horizontal Induction Zone Melting of Refractory Metals and Semi- 
conductor Materials—A. Berghezan and E. Bull Simonsen 

Quantity and Form of Carbides in Austenitic and Precipitation Hard- 
ening Stainless Steels—R. J. Bendure, L. C. Ikenberry, and J. H. 
Waxweiler 

Measurement of the Surface Self-Diffusion Coefficient of Copper by 
the Thermal Grooving Technique—N. A. Gjostein 

Sigma Phases with Aluminum—K. P. Gupta 

The Effects of Deformation at 78°K on the Alloy Cu,Au—Barton 
Roessler and Michael B. Bever 

Strain Aging Effects in Arc-Cast Molybdenum—G. W. Brock 

Structural Transformations in Ag-50 At. Pct Zn Alloy—H. W. King and 
T. B. Massalski 

The Creep Behavior of Heat Treatable Magnesium Base Alloys for Fuel 
— Components—P. Greenfield, C. C. Smith, and A. M. 

aylor 

Aging of Supersaturated Alpha Phase in a Cu-Si Alloy—Gary A. 
Dreyer and D. H. Polonis 

Correction to volume 221 


TECHNICAL NOTES 


Axial Thermal Expansion of Rhenium—R. J. Wasilewski 

Hydrogen from a Hydrocarbon Lubricant Absorbed by Ball Bearings 
—D. E. Swets and R. C. Frank 

Orientations of Large Grains in Tungsten Wire—A. J. Opinsky, J. L. 
Orehotsky, and L. L. Seigle 

Tensile Properties of Hot-Worked Pyrolytic Graphite—W. V. Kotlen- 
sky and H. F. Martens 

The Effects of Cyclic Loading on MgO Single Crystals—A. J. McEvily, 
Jr. and E. S. Machlin 

Ternary Laves Phases with Transition Elements and Silicon—D. I. 
Bardos, K. P. Gupta, and Paul A. Beck 
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Process Metallurgy 


Physical Chemistry of Process Met- 
allurgy—Part II, (Metallurgical So- 
ciety Conference Series, Vol. 8), 
edited by George R. St. Pierre, Inter- 
science Publishers, Inc., New York, 
727 pp., $25.00, 1961. Reviewed by 
Geoffrey R. Belton, University of 
Pennsylvania. 


This book completes the publica- 
tion of the papers presented at the 
AIME Symposium on the Physical 
Chemistry of Process Metallurgy 
held at Pittsburgh in 1959. The 
breadth of the subject matter is well 
illustrated by the section headings: 
Process Reaction Rates and Mechan- 
isms, Solidification of Metals, The 
Properties of Halides and Sulphide 
Melts, Industrial Applications of 
Principles, Desulfurization in the 
Steel Plant, Hydro- and Electro- 
Metallurgy, and Process Control and 
Statistical Methods. 

Publication of conference papers 
in expensive books of this kind is 
becoming more widespread these 
days. This can be advantageous if the 
field covered is small, if use is made 
of the additional space for reviews 
or for detailed discussions of new 
techniques and approaches, or if the 
papers are likely to be subject to re- 
peated reference. Unfortunately, 
many papers in this book fall short 
of these last two ideals and would be 
better published in the usual techni- 
cal and scientific journals. However, 
there is still much to be recom- 
mended. For example, the largest 
section, which is devoted to indus- 
trial applications, will be found 
stimulating by both the research and 
industrial metallurgist. The  re- 
viewer found the article by B. M. 
Larsen and L. O. Sordahl on Some 
Mechanisms in the Refining of Steel 
to be particularly thought provok- 
ing. The paper by F. D. Delve, H. W. 
Meyer and H. N. Lander entitled A 
Study of the Physical Chemistry of 
Titanium in the Blast Furnace is an 
excellent example of the combina- 
tion of existing data and laboratory 
experiments in the study of an in- 
dustrial problem. 

Our lack of knowledge of the ther- 
modynamic properties of many com- 
pounds and complex solutions im- 
portant in process metallurgy is un- 
derlined in these papers, as is also 
our meager understanding of reduc- 
tion rates and mechanisms. If the 
book acts as a stimulus to further 
research activity in these fields it 
will have served its purpose well. 

The reviewer feels that more uni- 
formity in the use of symbols would 
be desirable within one book but, on 


ANNOUNCEMENTS 
REVIEWS 


the whole, the editing has been well 
carried out by Dr. St. Pierre. 

In general, while this collection of 
papers must be available to the proc- 
ess metallurgist, it is felt that its 
correct place is the library and not 
the personal book-shelf. 


Industrial Furnaces 


Industrial Furnaces, by W. Trinks 
and M. H. Mawhinney, John Wiley & 
Sons, Inc., New York, Fifth edition, 
Vol. 1, 475 pp., $17.00, 1961. Reviewed 
by B. M. Larsen, U.S. Steel Corp. ¢ 

Trink’s book has always been a 
somewhat baffling problem. There is 
a curious kind of ambiguity scat- 
tered here and there in the writing, 
with now and then apparent incon- 
sistencies which require careful 
reading to interpret properly. To the 
more theoretically-minded reader, 
the arrangement of material seems 
not too logical for the purpose of de- 
veloping underlying theory and then 
relating it to practice in an orderly 
fashion, coupled with too few refer- 
ence sources for directing the reader 
who wants to learn more in a partic- 
ular area. For these reasons, it seems 
not very good for a text for teaching 
future furnace engineers or design- 
ers, although certainly valuable even 
here as a reference book. 

On the other hand, one does not 
feel inclined to be critical of a really 
valuable book. It is intended prima- 
rily for practical furnace engineers 
and operators or builders and none 
of the above objections may seem 
very important to such readers. Be- 
sides the relative scarcity of books in 
this field, this standard work con- 
tains a great wealth of both practical 
and theoretical material on types of 
furnaces, heat transfer, gas flow and 
fuel economy, operating rate data, 
construction and design details, re- 
fractories, and subsidiary subjects. 
The emphasis is strongly centered on 
the heating or reheating of solids, 
mainly metals, in fuel-fired furnaces. 
The material is based on a wide 
contact with actual operations and 
the authors have a keen sense of the 
limitations of mathematics for pre- 
cise calculations in what are nearly 
always the very complex problems 
of practice. In the 360 figures of Vol. 
1 are included many graphs for ap- 
proximate interpretation or calcula- 
tion of furnace behavior; there are 
23 tables and a large number of ex- 
amples of calculations in some detail. 
This revised fifth edition has some re- 
arrangement and a couple of new 
chapters, and includes a total of “— 
sixty-four new and revised illustra- 
tions and nine new or revised tables 


” 
. 


Books that are marked (e) 
may be ordered through AIME. 
Address Irene K. Sharp, AIME 
Book Dept., 345 E. 47 St., New 
York 17, N. Y. A discount is 


given whenever it is possible. 


High Velocity Deformation 
Response of Metals to High Velo- 
city Deformation, (Metallurgical So- 
ciety Conference Series, Vol. 9), 
edited by P. G. Shewmon and V. F. 
Zackay, Interscience Publishers, Inc., 
New York, 491 pp., $18.00, 1961. 
Reviewed by John S. Rineheart, 
Colorado School of Mines. ¢ 

A long overdue symposium de- 
voted to discussion of the behavior of 
metals when impulsively loaded was 
held at Estes Park, Colorado, in July, 
1960 under the sponsorship of the 
Metallurgy Committee of the In- 
stitute of Metals Division, The Metal- 
lurgical Society of AIME. The papers 
presented at this conference have 
been carefully edited and issued as 
the present volume. The subject 
matter of this conference was divided 
into two main areas: High Velocity 
Deformation; and Shock Phenomena 
in Materials. The subject matter is 
well illustrated by the following 
listing of the papers: : 

1) Instrumentation for High-Speed 
Strain Measurement—J. M. Krafft: 
U.S. Naval Research Laboratory. 

2) The Effect of Grain Size, Rate 
of Strain, and Neutron Irradiation on 
the Tensile Strength of a Iron—J. D. 
Campbell and J. Harding: Univer- 
sity of Oxford, England. 

3) Dynamic Stress and Deforma- 
tion in a Mild Steel at Normal and 
Low Temperatures—D. B. C. Taylor 
and L. E. Malvern: University of 
Cambridge, England, and Michigan 
State University. 

4) “Strain Rate Effects in Plastic 
Wave Propagation”’—F. E. Hauser, 
J. A. Simmons, and J. E. Dorn: Uni- 
versity of California. 

5) “Effects of Explosive Loading 
on Single Crystals and Polycrystal- 
line Aggregates”—C. M. Glass, G. L. 
Moss, and S. K. Golaski: Aberdeen 
Proving Ground. 

6) “Crystallographic Aspects of 
High Velocity Deformation of Alu- 
minum Single Crystals”—R. B. Pond 
and C. M. Glass: Johns Hopkins 
University and Aberdeen Proving 
Ground. 

7) “Some Properties and Applica- 
tions of Shock Waves”—G. E. Duvall: 
Poulter Laboratories. 

8) “High Velocity Dislocations”— 
J. Weertman: Northwestern Univer- 
sity. 

(Continued on page 716) 


ALWAYS WANTED AT BEST PRICES— 


Complete files and single volumes of 
Journal of Metals and other scientific 
periodicals. 


MAXWELL, MEIER & HOLMES CO. 
103 Fifth Ave., New York 3, N. Y. 
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personals 


H. 0. Beaver, Jr., has been promoted 
to assistant general superintendent 
at Carpenter Steel Co., Reading, Pa. 
He was formerly manager of mill 
metallurgy. 


Frank W. Bowdish has _ replaced 
Alvin J. Thompson as head of the 
Mining and Metallurgical Dept. at 
New Mexico Institute of Mining & 
Technology in Socorro, N. M. 


M. W. Brennecke is now with the 
George C. Marshall Space Flight 
Center of the National Aeronautics 
& Space Administration at Hunts- 
ville, Ala. He is aero space technol- 
ogist concerned with basic properties 
of materials. He was formerly with 
the Alcoa Research Laboratories at 
New Kensington, Pa. 


Gordon C. Campbell has been pro- 
moted to chief industrial engineer, 
Alan Wood Steel Co., Conshohocken, 


Pa. He was formerly assistant chief | 


industrial engineer. 


R. P. Carpenter is now district man- 
ager for Republic Steel Corp. in 
Cleveland, Ohio. He was formerly 
district manager in Buffalo, N. Y. 


William R. Clough has become an 
associate professor of materials en- 
gineering at Rensselaer Polytechnic 
Institute. He was formerly super- 
visor of metals research for Pratt & 
Whitney Aircraft Corp. 


Harrison I. Dixon, president of 
Metallurgical Products Co., has been 
appointed to the Massachusetts State 
Board of Engineering Examiners. 


Roy C. Engstrom has been appointed 
head of the new San Jose, Calif., 
office of Mine and Smelter Supply 
Co. He was formerly a sales engineer 
working out of the company’s Den- 
ver office. 


Edward B. Evans is now a research 
metallurgist with TAPCO, a div. of 
Thompson-Ramo-Wooldridge, Inc. 
He was formerly assistant professor 
of metallurgy at Case Institute of 
Technology. 


Curry E. Ford has been named di- 
rector of development for National 
Carbon Co. He was formerly director 
of marketing. 


W. H. Holman has been elected 
president and C. T. Marshall has been 
elected secretary-treasurer of the 
Eastern States Blast Furnace and 
Coke Oven Assn. Mr. Holman is 


with Wheeling Steel Corp., and Mr. | 


Marshall is with Pittsburgh Coke & 
Chemical Co. 


Lawrence J. Ingavalson has been 
promoted to manager of the Great 
Falls (Mont.) reduction depart- 


ment of the Anaconda Co. 
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W. M. Kelly has been appointed 
manager of technical operations for 
Union Carbide Metals Co. He had 
been assistant technical director, al- 
loys operations, since 1959. 


E. G. Kondas is now general super- 
intendent of Republic Steel Corp., 
Chicago. He was formerly assistant 
superintendent of open hearth in the 
company’s Cleveland, Ohio, plant. 


Walter J. Koshuba is now plant 
manager of Beryllium Corp.’s Nu- 
clear div. in Hazleton, Pa. 


Howard Lanier is now manager of 
selenium and columbite sales for 
Kennecott Sales Corp. in New York. 


He was previously quality control 
engineer of the Utah Copper div. of 
Kennecott Copper Corp. 


William C. McCosh has been named 
director of marketing for National 
Carbon Co. Previously he was man- 
ager of carbon products in the mar- 
keting organization. 


Will Mitchell, Jr., has been appointed 
director, Research div., Allis-Chal- 
mers Manufacturing Co. He has 
been the division’s acting director 
since September, 1960. 


Ernest F. Nippes, professor of metal- 
lurgical engineering at Rensselaer 
Polytechnic Institute since 1954, has 


INGOT 


EVERY 33 POURED 


economical veneer. 


C&D LOW VOLUME HOT TOPS 
GIVE YOU 3% MORE STEEL 


The C&D Low Vo/ume Hot Top retains all the excellent 
advantages of the standard C & D Hot Top, with improvements 
which have made it a more efficient heat container. It has a 
lining of insulating firebrick, protected by a heavy layer of 


Production experience in various plants has proved that the 
use of C & D Low Vo/ume Hot Tops will give you a consistent 
increase of 3% or more in primary mill yield over conven- 
tional hot tops . . . while maintaining or improving quality. 


FERRO ENGINEERING 


Division 


OGLEBAY NORTON COMPANY 


1400 HANNA BLOG. + CLEVELAND 15, CONIC 


Exclusive Licensees: France, Belgium, Luxembourg, Seprom, 72 Ave., Jean-Jaures (Suresnes), Paris 
Great Britain: London & Scandinavian Metallurgical Co., Ltd., 39 Wimbledon Hill Rd., London S$. W. 19 


and 22 High St., Sheffield 1 
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been named acting head of the De- 
partment of Materials Engineering. 


Stanley M. Norwood has retired as 
vice president of Union Carbide 
Metals Co. He had been with the 
company for 43 years. 


Russell E. Pardee has been appointed 
manager of technical services for the 
Refractories div. of Kaiser Alumi- 
num & Chemical Corp., Oakland, 
Calif. He was formerly manager of 
technical services in the metallurgi- 
cal field at Mexico, Mo. 


Conrad A. Parlanti has been ap- 
pointed technical director for Gen- 
eral Communication Co., Boston. He 


will remain a vice president and 
member of the board of directors. 


Leonard C. Powell has been pro- 
moted to general superintendent of 
the reduction department of Ana- 
conda Co.’s Great Falls, Mont. plant. 


A. C. Sedlachek has been appointed 
assistant to the vice president, Coal 
div., Eastern Gas and Fuel Asso- 
ciates. He joined the company in 
1928. 


Kay M. Shupe has been named 
project metallurgist, tool steel, at the 
Dunkirk (N.Y.) Works of Allegheny 
Ludlum Steel Corp. He was previ- 
ously with Latrobe Steel Co. 


YOU GET 172% MORE STEEL 


... With HOT TOP COVERS 


The C & D Hot Top Cover, a development 
of Ferro Engineering Research, is an easy- 
to-apply package that contains measured 
amounts of exothermic powder and insu- 
lation in one compact unit. When placed 
in the hot top, the box disintegrates and 
the exothermic material ignites to furnish 
heat and to insulate the molten steel in 
the hot top. The separator supports the 
insulating material layer to minimize 
escape of heat. 


INSULATING MATERIAL 
SEPARATOR 


EXOTHERMIC MATERIAL 


The unique and highly efficient C & D Hot Top Cover employs a double cover 
principle: It adds heat to the sinkhead metal, and conserves heat by main- 
taining an insulating layer at the top of the sinkhead throughout solidification. 

On ingot after ingot, in plant after plant, the C & D Hot Top Cover is prov- 
ing its ability to increase the yield of each hot-topped ingot by at least 142%. 
It will maintain or improve the quality of your ingots . . . give you higher 
blooming mill yield . . . and reduce your cost of producing hot-topped steel. 


C & D Hot Top Covers give 


Covering: 
Exothermic Powder, 1.4 Ibs./ton 
Sinkhead Weight: 

1300 Ibs. (molten) 


FERRO ENGINEERING 


you real savings by produc- 
ing a smaller, more uniform 
sinkhead cavity, as shown 
by the photos of split sink- 
heads poured with standard 
C &D Hot Tops. On these 
typical sinkheads there was 
a net savings of 130 Ibs. 


Covering: 
C &D HOT TOP COVER 
Sinkhead Weight: 
1170 Ibs. (molten) 


Division 


OGLEBAY NORTON COMPANY 


1469 HANNA BLOG. + CLEVELAND 165, OHIO 


Exclusive Licensees: France, Belgium, Luxembourg, Seprom, 72 Ave., Jean-Jaures (Suresnes), Paris 
Great Britain: London & Scandinavian Metallurgical Co., Ltd., 39 Wimbledon Hill Rd., London $. W. 19 


and 22 High St., Sheffield 1 
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University of Wichita 

A National Science Foundation 
grant of $16,950 will assist the Uni- 
versity of Wichita in inaugurating 
a new course, Science of Engineering 
Materials, in the School of Engineer- 
ing. 

The course will be a basic intro- 
duction to all materials used in en- 
gineering and will be geared to 
third-year engineering students. It 
will use newly-installed laboratory 
equipment, including an X-ray dif- 
fraction machine, and is designed to 
acquaint the student with relation- 
ships between structure of materials 
and their application, ranging from 
macroscopic to nuclear levels of fine- 
ness. Director of the course, which 
will be offered in the fall, is Robert 
T. Howare, professor of applied 
mechanics. 


Rensselaer Polytechnic Institute 


Recent research in the field of 
materials science will be the sub- 
ject of a technical conference to be 
held December 18-19 at Rensselaer 
Polytechnic Institute in Troy, N. Y. 

The program will include the pre- 
sentation of original research papers 
on such subjects as mechanics of 
materials, solid state physics, phys- 
ical metallurgy, and the physiochem- 
ical properties of materials. 

The meeting will be sponsored 
jointly by the Institute and the 
Watervliet Arsenal with the cooper- 
ation of the advanced Research Pro- 
jects Agency, the Atomic Energy 
Commission, the National Aeronau- 
tics and Space Administration, and 
the US Army. 


Case Institute of Technology 

A grant of $81,765 has been re- 
ceived by Case Institute of Tech- 
nology for equipment for the Olin 
Laboratory for Materials. 

The grant was awarded by the 
Ordnance Materials Research Office 
and is part of the Advanced Re- 
search Projects Agency Program 
providing support for interdiscipli- 
nary materials research. 

Among the items to be purchased 
are an ultramicrobalance for weigh- 


ing minute quantities of materials,. 


which can detect differences in 
weight to three millionths of an 
ounce. Another purchase will be 
equipment for the growth of special 
crystals for research in an effort to 
miniaturize electronic devices. There 
will also be an X-ray defractometer 
to study the X-ray patterns of 
matter, and for a high temperature 
X-ray camera which will trace the 
movements of atoms and crystals as 


(Continued on page 767) 
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CLARK Centrifugal Compressors 


Assure Maximum 


Availability 


stallation with synchronous motor drive 


and gear located on mezzanine level. 


Typical Clark Isotemp Compressor in- 
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In air separation plants throughout the world, Clark Hori- 
zontally-Split Centrifugal Oxygen Compressors are operating 
in maximum service. Because the Type HS Compressors are 
literally maintenance-free, standby units have not been re- 
id? quired. The performance of these machines has been outstand- 
iE-NEE E with safety, dependability and efficiency being among the 
¢ ; features “best liked” by operators. 
Little more than a year ago, the Jsotemp Centrifugal 
INYOUR © : Air Compressor was added to the Clark line. Since then 
' 25 Clark Isotemp Compressors have been purchased for 
ai SEP. ‘AR ee installation throughout the world. Like the Type HS 
' Oxygen Compressors, the Jsotemp is designed for 100% 
: availability. It was engineered to provide high purity 
ke — primary 110 psi. air for tonnage oxygen plants. 
> A key feature of the Clark Isotemp Compressor is the system 
of integral intercoolers. Built into the base of machine, they 
form a compact unit-engineered package. An unusually high 
efficiency over a wide operating range is produced by inter- 
cooling between stages, the use of closed-type impellers and 
volute diffusers. Single-case, horizontally-split design assures 
maximum accessibility and eliminates alignment problems. 


If you need high purity compressed air in large volumes, the 
Clark Isotemp will provide substantial savings in capital in- 
vestment, space, foundation requirements, maintenance and 
operating costs. The Jsotemp is built in seven frame sizes in 
packages with capacities ranging from 5,000 to 50,000 cfm 
and more. Clark Oxygen Compressors are available in match- 
ing frame sizes. Both the Isotemp and Type HS units can be 
driven by synchronous motors, induction motors or turbines. 


For data on Clark Centrifugal Compressors and Reciprocat- 
ing Compressors consult your nearest Clark representative. 
Clark Centrifugal Compressors and Reciprocating Compres- 
sors are manufactured under license in Scotland by G. & J. 
Weir, Ltd. All units and components are identical and com- 
pletely interchangeable with Clark equipment manufactured 
in the U.S. A. and under license in Europe. Clark gas turbines 
are manufactured under license in England by Hawker Sid- 
deley Brush Turbines Limited, and have complete parts inter- 
changeability with Clark units built at Olean, N. Y. or by 
licensees anywhere in the world. 

Clark Bros. Co., Olean, N. Y. e Overseas Operations Division, 

Clark Bros. Co., 122 East 42nd Street, New York 17, N. Y. @ 


Clark Bros. Co. Division, Dresser (Great Britain) Ltd., 
197 Knightsbridge, London S.W. 7, England 
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hydrogen 


Drastic reduction critical to quality steel 


Hydrogen is the only common element in steel which is always bad 
news. Sulfur, phosphorus, nitrogen, silicon, aluminum, lead and even 
copper have a valid place in some steels. Hydrogen, however, does not 
alloy in either molten or solid steel; remains gaseous at all times. 


Residual Hydrogen Damages Heavy Sections of Steel 

While all steels absorb and retain hydrogen, those most sensitive to it 
are heavy sections of high carbon or alloy steels. These steels will, upon 
rapid cooling after hot working, retain austenite at temperatures below 
400°F. Hydrogen held interstitially by the austenite is released at these 
temperatures, and builds up tremendous pressure in cooling steel. This 
causes rupturing or flaking in heavy sections which do not allow rapid 
diffusion of the gas. The only cure is slow cooling, allowing diffusion 
from pockets of segregation. 

Hydrogen Embrittles Without Increasing Hardness, Strength 

Another common effect of hydrogen is embrittlement of steel without 
increasing hardness or strength. Apparent cause is the ability of hydro- 
gen to dislocate slip planes of strained crystals. Sources of hydrogen, in 
this case, can be either residual hydrogen or pickling solutions. 
Defects in coated steel can also be traced to hydrogen. When a coating 
is applied hot, hydrogen from water vapor can be absorbed. This is 
released upon cooling, forming blisters in the coating. 

There is some evidence, too, that hydrogen is the guilty party in steel 
corrosion. Hydrogen is also a source of porosity and bleeding in 
high-chromium stainless and low-alloy killed steels. 

Hydrogen Has Many Entries, Few Exits 

Hydrogen control thus assumes an important role in steel making. 
Most hydrogen is eliminated from the bath by a good boil . . . hydrogen 
pick-up occurs after the tap. Sources are moisture in the air, refractories 
and ferroalloys. Proper drying of refractories and alloys does much to 
relieve this situation. 

Foote Electromanganese, An Effective Hydrogen Control 

Since as little as 3 or 4 ppm of hydrogen in steel can cause trouble, 
ferroalloys are not above suspicion. A heavy ferroalloy addition con- 
taining 50 ppm hydrogen can make a significant difference. For 
applications where hydrogen is troublesome, Foote offers a grade of 
electrolytic manganese containing only 74 ppm hydrogen. 

For more information on Foote Electromanganese®, write for Bulletin 
201, Foote Mineral Company, 481 Eighteen West Chelten Ave., 
Philadelphia 44, Pa. 
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Temperature Operation — 
to 5100°F for yo use, up to 
°F for continuous operation 


mely 

8” high x 4” diameter working volume con- 
tained within a 20” x 10%” unit. Also avail- 
able, 15” high x 12” diameter working volume 
contained with hin a 30%” x 22” unit. 
Controlied Atmosphere — inert protects 
charge and furnace element. _ 
Water-Cooled — Circulation through electrodes, 
coverplates and outer shell. 
Easy Furnace Access — 
Removable top and bottom covers, with hearth 
for bottom loading. 


inet fy Girectes ‘against side and top sight 
© scavenge atmosphere. 

compact and economical labor- 
atory furnaces meet the severe requirements 
of melting and sintering materials in excess 
of 4500°F. Curtiss-Wright Research Furn- 
aces feature a specially designed cylindrical 
graphite resistance element surrounded by a 
graphite radiation barrier, carbon insulation 
and aluminum outer shell; mounted on a 
vertical supporting column for easy access. 
Equipment and instrumentation is available 
for any degree of semi-automatic or auto- 
matic control. 


Systems Engineering Services available 
Phone SWinburne 9-0500 or write: 


curtiss wRiGHT 


CORPORATION 


Princeton Division + Princeton, N. J. 
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The Dept. of Interior recently an- 
nounced that the Bureau of Mines will 
launch an extensive research program for 
fiscal 1962 with studies to be concerned 
with metals ranging from beryllium to 
zine and including super-refractories and 
new materials. 


Beryllium 


The Bureau’s research on beryllium will 
include exploration for new sources of 
beryllium ores, improved beneficiating 
techniques, and methods for producing 
high-purity metal and compounds. At the 
Bureau’s flotation plant at Kings Moun- 
tain, N. C., studies will be made of methods 
to improve the recovery of disseminated 
beryl and other valuable minerals from 
a nearby belt of pegmatites. Other ex- 
periments will be conducted on a labora- 
tory scale to improve and develop pro- 
cedures for recovering disseminated beryl, 
bertrandite, phenakite, and valuable min- 
erals from various Western deposits. 
Metallurgists will study methods for 
producing high-purity beryllium salts 
from various concentrates by leaching, 
halogenation, and solvent extraction to be 
used to produce high-purity beryllium by 
active-metal reduction techniques. Other 
work will involve the experimental pro- 
duction of beryllium castings directly from 
ingots. 


Bureau teams at the metallurgy research 
center at Albany, Ore., will prepare boron 
by reducing boron halides with more ac- 
tive metals, electrolyzing fused-salt baths 
containing boron compounds, and elec- 
trolyzing boron halides in organic baths. 
Boron samples will be purified by electric 
arc melting in inert atmospheres, sinter- 
ing in induction furnaces, and melting in 
solar, electron-bombardment, or arc- 
image furnaces. 


Chromium 


Research on chromium will stress bene- 
ficiation and smelting techniques to im- 
prove extraction from domestic low-grade 
materials. Other research on the metal 
will involve electrolytic studies, and the 
production of high-purity ductile chro- 
mium for use in high-strength, high-tem- 
perature materials and other special ap- 
plications. 


Columbium and tantalum 


Columbium and tantalum research will 
be expanded and will emphasize extrac- 
tive and physical metallurgy aimed at 
developing methods of obtaining these 
metals in greater quantity and better 
quality. Investigators will search for new 
methods of separating columbium from 
tantalum, and methods for purifying co- 
lumbium and tantalum chlorides prior to 
reduction will also be studied. Colum- 
bium-vanadium and columbium-hafnium 


USBM Research Programs 


alloys will be investigated to determine 
their strength, ductility, and corrosion re- 
sistance. The Bureau also expects to im- 
prove the efficiency of electrorefining co- 
lumbium in a bath of molten salt, and to 
study methods of recovering pure colum- 
bium and tantalum from scrap. 


Copper 


Basic studies that give promise of re- 
ducing mining costs and increase the Na- 
tion’s copper resources are the theme of 
the Bureau’s work on that metal. Research 
in copper metallurgy is aimed at reducing 
processing costs, and studies will be made 
of leaching processes which will include 
the generation of leach fluids by bacterial 
action on low-grade ores. 


Lead and zinc 


The metallurgical research program on 
lead and zine will consist of studies on 
metal and mineral recovery and operation 
techniques. These studies will include the 
use of a gas-fired vacuum distillation fur- 
nace developed by the Bureau, the amal- 
gam-electrolysis method to improve the 
separation and purification of metals, 
micro-organisms in extracting lead and 
zinc from marginal ores, radioactive 
tracers in leaching studies, reduction of 
sulfide minerals with atomic hydrogen, 
and the recovery of lead and zinc from 
complex ores, slimes, and mill tailings by 
flotation or chemical methods. Other 
studies will be inaugurated on the effect 
of rare-earth metal additions on zinc-base 
alloys. 


Magnesium 

Research on magnesium will include 
studies to develop improved thermal 
processes to produce the metal from 
abundant domestic resources of magne- 
sium-rich ores, and other investigations 
will be concerned with preparation of raw 
materials and reductants accompanied by 
studies of operating techniques such as 
calcining, briquetting, and reduction. The 
Bureau is also seeking to improve magne- 
sium alloys and will place special emphasis 
on the magnesium-zirconium system. 


Platinum 


Platinum will be investigated as a pro- 
tective coating to prevent oxidation and 
corrosion at the extreme temperatures 
encountered in celestial flight. Bureau 
investigators will determine the best 
methods for applying the metal coating 
and evaluate the effectiveness of these 
coatings. 


Further information on the Bureau’s re- 
search program will appear in this section 
in November. In addition, there will be 
articles on the new Minneapolis Research 
Center and the Minerals Research Pro- 
gram of the Bureau of Mines by Charles W. 
Merrill. 
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Czech high-Al steel New British Mg facility 


The National Institute of Materials and 
Technology in Prague, Czechoslovakia, has 
discovered a method for alloying steel 
with a high proportion (30 pct) of alu- 
minum, according to the Journal of the 
Iron and Steel Institute. The new alloy 
steel, called Pyroferral, has the following 
composition: 1 pct C, 0.7 pet Mn, 0.5 pct 
Si, and 30 pct Al. Heat- and corrosion- 
resisting properties are said to be equiva- 
lent to the best Cr-Ni steels, but they can 
be attained at much lower costs. 


Canadian developments 


Atlas Steels of Canada is erecting a 60- 
ton vacuum degassing unit and a conti- 
nuous bright anneal furnace, at its Wel- 
land plant. These and other developments 
were reported recently in the Metal Bul- 


Shortly after Magnesium Elektron be- 
came a_ wholly-owned subsidiary of 
British Aluminium Co. Ltd. it was an- 
nounced that the firm is currently in- 
vesting approximately $5.5 million to 
erect a 5000 ton per year primary magne- 
sium production facility at Hopton, near 
Wirksworth in Deryshire. The new plant 
will reduce local dolomite using a thermal 
process which has been used successfully 
by Dominion Magnesium Ltd. in Canada 
and the Alabama Metallurgical Co. in the 
US. When completed, the facility is ex- 
pected to make the United Kingdom con- 
siderably less dependent on imports of the 
light metal. 


Vertical casting plant 


A vertical-type continuous casting plant 
for steel was recently inaugurated by the 
Dillinger steelworks in the Saar. The new 
plant, built by Schloemann Aktiengesell- 
schaft in association with Concast Ak- 
tiengesellschaft, is currently producing 
40 x 8 in. slabs and it is expected that 


letin. Atlas Titanium Ltd., a subsidiary of 
Atlas Steels, is erecting a vacuum melting 
furnace which will be used to produce 
ingots of steel, titanium, zirconium, and 
other metals up to 30 in. in diameter 
weighing up to 9 tons. These represent the 
only commercial units of their kind for 


steel production in Canada. 


Whither the Rotor? 


According to the British Iron & Steel 
Federation, the steel plant at Oberhausen, 
Germany with a rated annual capacity of 
480,000 metric tons from its 60- and 100- 
ton Rotors produced only 150,289 metric 
tons during the 1959-60 period. In addition, 
Ilsender Huette, Peine—the other Rotor 
steelworks in Germany—produced only 
71,000 metric tons of steel during that 
period although its rated capacity is 200, 
000 metric tons [This, despite the record 
breaking production of 34.1 million metric 
tons of the German steel industry for that 
period. ED.] 


Cryogenic metalworking 


A new cryogenic metalworking process 
was introduced recently by Arde-Portland 
Inc., Paramus, N. J. Called Ardeforming, 
the new process is said to produce signifi- 
cant increases in strength and ductility of 
steel vessels and tubing, and is expected 
to prove of prime importance to the aero- 
space industry for the production of cases 
for solid propellent rocket engines. 

In the new process, cylinders are rolled, 
and welded, cooled to —320°F in liquid 
nitrogen, and then stretched with gaseous 
nitrogen. To date, vessels fabricated from 
301 stainless steel have been stretched ap- 
proximately 13 pct in diameter to yield 
ultimate tensile strengths of 260,000 psi or 
equivalent to strength-to-weight ratios of 
almost 1 million in. The process is said to 
be able to produce rocket cases of almost 
any size at a lower cost than conventional 
processes. A recent study by Arde-Port- 
land indicated that a steel rocket case for 
a small air-to-air missile could be Arde- 
formed for almost 38 pct less than it would 
cost to manufacture the same case to an 
equivalent strength level by conventional 
heat treating process. 


60 x 8 in. slabs will be produced in the 
near future. The cast slabs serve as a 
starting material for the manufacture of 
plate and strip. 


Improved alloyed powders 


The Vanadium Alloys Steel Co. recently 
announced that the installation of new 
equipment for atomizing molten stainless 
steel and other metal powders has greatly 
improved the quality of its pre-alloyed 
metal powders. Key to the improvement is 
a new nozzle design in the disintegrater 
which permits better direction of the 
liquid or gas spray jets used to atomize the 
molten metal stream. 


New Al alloy 


Clinton Engines Corp. recently an- 
nounced the development of a new alu- 
minum alloy called Alumalloy which is 
said to alleviate almost entirely the prob- 
lem of porosity which has characterized 
aluminum alloy engines and limited their 
use. The new alloy acquires its advantage 
not only from impregnation with copper 
and zinc, but also from a new die casting 
process which was specifically designed to 
meet small engine requirements by pro- 
viding a metal of high density. 


Egyptian oil injection 

According to a recent item in Chemical 
Week the Egyptian Iron & Steel Co. has 
signed an agreement with Standard Oil 
Co. of New Jersey to use the Esso fuel-oil 
injection system in its blast furnaces. Fuel 
oil consumption will amount to approxi- 
mately 200,000 bbl per year, based on a 
furnace capacity of 800 tpd. The use of the 
system is estimated to save $2 million in 
coke. For a description of the Esso injec- 
tion system as used in North America, see 
this issue of JOURNAL OF METALS, p. 743. 
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NEW COMPACT GIRDLER 
HYDROGEN SULFIDE 


UNITS produce 


from 1 to 5 tons per day 


economically! 


Solves the need for sulfide gas inl practical 
to handle by cylinders Girdier can now offer you” ‘low cost 
compact hydrogen sulfide package units with capacities from 1 to 5 tons per 
day. The small unit will produce up to 2000 pounds per day, and a larger 


unit produces from 2000 to 10,000 pounds per day. 
m new Gi 

Aba tis ad efficiently and economically at a fraction of their rated capacities. = 
compact Units to- Bi They utilize a simple new Girdler process based on the reaction of hydrogen 


day. Take advantage 
PA an with liquid sulfur at elevated temperature and pressure to produce hydrogen 


how and proven ex- sulfide gas. The complete units are fabricated at Girdler's shop and are shipped 


perience in the field partially assembled on skids with a minimum of work to be done at the plant 
of high-tempera- 
ture, high-pressure 
processing plants. 
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REFRACTORY 
METALS 
IN 
EUROPE 


by Robert |. Jaffee of Battelle Memorial Institute 


Historians of metallurgy may well 
mark the 1950’s as the Titanium 
Decade. If so, it appears that the 
1969’s may belong to the refractory 
metals. Symposia, meetings, sur- 
veys, and papers on refractory met- 
als spring up on all sides. Although 
perhaps not to the same degree, 
Europe is experiencing a _ similar 
surge of activity in refractory met- 
als. As an example, there may be 
cited the recent conference on co- 
lumbium, tantalum, molybdenum, 
and tungsten held by the University 
of Sheffield on September 19-20, 
1960. Only a month later, materials 
specialists from NATO countries 
met in Athens, Greece, and Istan- 
bul, Turkey, to take action on plans 
to initiate a cooperative NATO pro- 
gram on refractory metals. The 
Fourth Metallwerk Plansee Semi- 
nar on June 21-24, 1961, also in- 
cluded coverage of the refractory 
metals, although the theme of the 
conference was Powder Metallurgy 
in the Nuclear Age. 


Applications 

The lesser degree of activity on 
refractory metals in Europe com- 
pared to that in the United States 
apparently stems from fewer new 
applications or requirements. The 
lamp, electronic, and electrical in- 
dustries provide the major require- 
ments for refractory metals in 
Europe. Most of the research and 
development in this field was done 
decades ago. The chief new devel- 
opments in the field appear to in- 
volve rhenium. Several years ago, 
workers at the Associated Electrical 
Industries, Aldermaston, England, 
reported on the remarkable worka- 
bility and ductility of the alloys of 
molybdenum and tungsten with 30 
to 35 at pet Re. Since then, many 
other European and US organiza- 
tions have confirmed these results. 
The tungsten-rhenium alloy is be- 
ing produced for electron tube and 
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thermocouple applications by J. 
Bocuse Co. in France. Degussa in 
Germany and British Thompson 
Houston Co. in England are produc- 
ing ultra-high-temperature thermo- 
couples containing rhenium or W- 
Re alloy legs. Rhenium is also being 
used as a plated coating on molyb- 
denum for X-ray tube targets by 
Compagnie Generale de Radiologie 
in France, because of increased 
thermal emissivity and _ efficient 
cooling. Interest in rhenium was 
also. reflected by 11 European 
papers (six French, three Soviet, 
and two British), out of 22 papers 
on rhenium presented at the recent 
symposium sponsored by the Elec- 
trochemical Society in Chicago, 
May, 1960. Soviet activity in rhe- 
nium is very high; the Bajkov In- 
stitute has published most of the 
phase diagrams of rhenium with 
other refractory metals, and has 
conducted laboratory studies on al- 
loying behavior, recrystallization, 
and applications. 

Over the past 10 years there has 
been much US activity on the de- 
velopment of refractory metal 
(molybdenum) turbine blades and 
vanes for supersonic (Mach 3) jet 
engines. Also, there was considera- 
ble development of supersonic ram 
jets employing coated molybdenum 
components. However, in _ recent 
years there has been a conspicuous 
slackening of US activity in this 
area. In contrast, there is consider- 
able interest in the UK and France 
on development of refractory metal 
turbine and ram jet components. 
The chief interest in refractory 
metals has been in molybdenum 
and columbium alloy forgings. The 
assumption is being made _ that 
molybdenum blades and vanes will 
require protective coatings. How- 
ever, there is some hope—although 
it is waning—that an oxidation-re- 
sistant columbium alloy suitable for 
gas turbine application will be de- 


veloped. As hope diminishes, the 
European activity on coatings for 
columbium increases. 

The most important new applica- 
tion for refractory metals in the 
US is as liners for solid rocket mo- 
tor nozzles. A second new applica- 
tion is as leading edges for re-entry 
vehicles. There is little or no activ- 
ity on either of these applications in 
Europe, although it is probable that 
France may initiate some work. As 
usual, little is known about Soviet 
activity, or lack of it, in such areas. 
A recent visitor to the USSR noted 
activity on fabrication of sheet 
molybdenum and tantalum, but not 
of tungsten. This suggests applica- 
tions mainly for radiation shielding 
of high-temperature furnaces and 
in chemical plant equipment. 

Columbium is of major interest 
for nuclear reactors. The activity 
on columbium in the UK originated 
in the use of this metal for the 
Dounereay fast reactor, where the 
metal is used to resist corrosion by 
liquid sodium. Corrosion-resisting 
equipment is a major application 
for tantalum in Europe. It is also 
being used for electrolytic capaci- 
tors. Consideration is being given 
to the development of columbium 
alloys in the corrosion-resistance 
field, where lower density and (po- 
tentially) much lower costs for 
columbium alloys relative to tanta- 
lum would be advantageous. It 
appears definite that columbium 
will require alloying in order to 
have corrosion resistance compara- 
ble to tantalum. 


Research 

European research activities on 
refractory metals are considerable, 
particularly in the UK. The Uni- 
versity of Sheffield has active pro- 
grams on physical properties, oxi- 
dation resistance, alloy development, 
and strain aging behavior of colum- 
bium. Important work on the theory 
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of refractory metal alloys is being 
done by A. D. McQuillan of the 
University of Birmingham. McQuil- 
lan is using the hydrogen-pressure 
method, which proved such a pow- 
erful tool in his previous researches 
on titanium. The BSA Research 
Center at Birmingham, led by D. A. 
Oliver, has active programs con- 
cerned with oxidation resistant al- 
loys and protective coatings. The 
Associated Electrical Industry re- 
search group, led by G. A. Geach, 
has active programs on phase dia- 
grams, substructure, and deforma- 
tion mechanisms. G. L. Miller of 
Murex has been active in develop- 
ment of oxidation-resistant colum- 
bium alloys and protective coatings. 
The G. E. Co., led by I. Jenkins, has 
been active as a producer and a 
research organization. The concepts 
by D. A. Robins, formerly with 
G. E. Co., on electronic interactions 
have been particularly noteworthy. 
Other significant activity of the 
UK includes work on tantalum-hy- 
drogen and oxidation mechanisms 
by Kubaschewski of the National 
Physical Laboratory, and develop- 
ment of melting and fabrication of 
molybdenum at the ARDE Fort 
Halstead. 

In Germany, Gebhardt and Se- 
ghezzi of the Max Planck Institute 
at Stuttgart have been active in re- 
search on the effects of interstitials 
on the properties of tantalum. G. 
Brauer of the University of Frei- 
burg, has been continuing his class- 
ical studies on the compounds of 
columbium and tantalum with ni- 
trogen, oxygen, and carbon. In 
Austria, the research interests of 
Metallwerk Plansee on refractory 
metals include non-metallic disper- 
sions in tungsten and phase dia- 
grams of intermetallic compound 
systems. A _ process for coating 
molybdenum involves treatment in 
molten copper-silicon bath and has 
resulted in rather remarkable oxi- 
dation resistance, with protection of 
coated wires for up to 200 hr in air 
at 1600°C observed. 

In France, the organizations ac- 
tive in refractory metal research 
include Pechiney Co., (electron 
microscopy studies by Saulnier) 
and Office National d’Etudes et de 
Recherches Aeronautiques (oxida- 
tion resistant coating development 
by Biickle). The coating being 
studied by Biickle is of the silicon- 
ized molybdenum type. CNRS has 
been conducting studies on the oxi- 
dation of columbium, and the Uni- 
versity of Strasbourg is studying 
hydrogen embrittlement of tanta- 
lum. In the Netherlands, Rieck of 
the Philips Co., Eindhoven, has 
been active in studies of tungsten 
recrystallization. 

In the USSR, Savitskiy, at the 
Bajkov Institute, has developed 


phase and recrystallization diagrams 
of rhenium, and conducted studies 
of the alloying of columbium. 
Meerson, of the Kalinin Institute, 
has been active in the powder met- 
allurgy of molybdenum, tungsten, 
rhenium, tantalum, and columbium. 
Kornilov has done relatively little 
work on refractory metals, chiefly 
looking at dispersions of TiC in 
columbium, tungsten, and molyb- 
denum. Hard metals studies in- 
volving carbides of the refractory 
metals have been investigated at 
the Moscow Steel Institute by 
Umansky and Samsonov. 


Production 

In general, European organiza- 
tions have excellent facilities for 
producing and fabricating refrac- 
tory metals. Tantalum and colum- 
bium are being produced by Murex, 
Starck, Pechiney, Hoboken, and 
Ciba, using mainly electrolytic and 
carbothermic processes. There are 
many producers of tungsten and mo- 
lybdenum powder, employing the 
well-known hydrogen - reduction 
process. 

European organizations, much 
more so than those in the United 
States, consolidate refractory metals 
by powder metallurgy techniques. 
However, there is less use made of 
the hydrostatic compaction method. 
Metallwerk Plansee, for example, 
compacts large molybdenum and 
tungsten billets with a 3000 ton hy- 
draulic press. Columbium and tan- 
talum ingots are consolidated gen- 
erally by sintering in vacuum. 
Heraeus at Hanau, Germany, has 
built a large vacuum sintering ma- 
chine similar to their own equip- 
ment for the Atomic Energy Au- 
thority in the UK. Metallwerk 
Plansee sinters ingots of molyb- 
denum up to 800 lb in hydrogen 
muffle furnaces at 1750° to 2000°C. 
Tungsten blocks up to 50 lb are 
sintered at about 2500°C in bell- 
type furnaces. These large ingots 
are used for large forgings (chiefly 
rocket motor liners for the US) 
and as sheet bar for wide sheet. 
Other producers of tungsten and 
molybdenum products employ di- 
rect resistance sintering of relatively 
small bars. It is understood Bocuse 
Co. in France is building hydro- 
static compacting and indirect sin- 
tering facilities suitable for 200 lb 
molybdenum and 350 lb tungsten 
billets. 

A large capacity for vacuum arc 
melting refractory metals is availa- 
ble. However, it is largely unused 
for this purpose. Heraeus has con- 
structed many large vacuum con- 
sumable-electrode arc furnaces used 
by companies all over the world. 
These are being used largely for 
melting titanium, zirconium, and 
steel. Metallwerk Plansee has two 
Climax-type furnaces while Pechi- 
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ney has a Heraeus furnace with suf- 
ficient power for 8-in.-diam tanta- 
lum ingots. So far, the Pechiney 
furnace has been used only for 3- to 
4-in.-diam columbium or tantalum 
ingots. In England, there is arc- 
melting capacity for titanium and 
zirconium at Imperical Chemical 
Industries and Jessop-Saville, which 
could be adapted readily to refrac- 
tory metals. 

Great interest has arisen in elec- 
tron-beam melting and welding. 
Degussa is a Temescal licensee, and 
has built 60-kw_ electron-beam 
melting furnaces for several organ- 
izations, and probably will provide 
furnaces for others. Heraeus is de- 
veloping electron-beam melting fur- 
naces operating on a somewhat dif- 
ferent principle than the circular- 
gun type used by Temescal. Elec- 
tron-beam welding development is 
being pursued actively in the UK, 
France, and Germany. 

The Metallwerk Plansee' un- 
doubtedly has the leading position 
for the fabrication of large-size 
mill products of refractory metals. 
It has produced tungsten sheet up 
to 18 in. wide in a 60-cm, 4-high 
mill, and is constructing a 125-cm, 
2-high mill, which is to be used for 
refractory metal sheets up to 40 in. 
wide. Plansee, working with Deut- 
sche Edelstahlwerke in Krefeld, has 
produced tungsten sheets 40-in. 
wide, 50-in. long. These have been 
fabricated in hand-sheet mills de- 
signed for alloy steels. Preheating 
was done in a special atmosphere 
furnace. Tungsten ingots produced 
by Metallwerk Plansee also have 
been swaged to cylinders about 5 
to 6 in. in diam at Gebr. Boehler. 
Most of the other refractory metal 
companies have relatively narrow- 
gauge mill facilities, and would re- 
quire collaboration with a steel mill 
in order to produce large mill prod- 
ucts. 

There is considerably less activity 
in alloy development of refractory 
metals in Europe than in the US. 
The only refractory metal sheet al- 
loy produced at Metallwerke Plan- 
see is Mo-0.5 Ti by powder metal- 
lurgy methods. The UK has a con- 
siderable development effort aimed 
at the development of oxidation-re- 
sistant alloys. One of the most oxi- 
dation-resistant columbium alloys 
developed by BSA Research Centre 
contains 20 at pct Ti, 10 at pet W, 
and 3 to 4 at pct Ni. Murex has de- 
veloped a similar composition con- 
taining 17.5 at pct W, 17.5 at pet Ti, 
and 5 at pet Fe. These are quite 
similar to alloys developed in the 
US, such as DuPont D-41 (10 Ti, 20 
W, 6 Mo) and Union Carbide Cb-16 
(10 Ti, 20 W, 3 V). 

The general situation in refrac- 
tory metal development in Europe 


(Continued next page) 
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Refractory Metals 
(Continued from page 715) 


seems to be based on the traditional, 
well-established markets. Appar- 
ently there is a lack of confidence 
in the future requirements for new 
applications for refractory metals 
in supersonic gas turbines, ram jets, 
rocket liners, nuclear reactors, and 
re-entry vehicles. Metallwerk Plan- 
see is a notable exception, which is 
currently expanding its production 
capacity and equipment capabilities. 
The uncertainty in forecasting fu- 
ture requirements for refractory 
metals is by no means confined to 
Europe. It is a vital concern of US 
producers of refractory metals. As 
a result of this uncertainty, private 
industry in Europe and the US is 
generally reluctant to expand for 
anticipated future requirements. 
There is a need for prograrns of 
the government-sponsored variety 
to stimulate research and develop- 
ment and production-development 
activity if material is to be pro- 
duced for future requirements, 
since the requirements probably 
will not be sufficient to justify in- 
dustrial support. The program pre- 
ferably should be cooperative to 
avoid duplication. In this regard, 
the AGARD cooperative program is 
noteworthy. AGARD stands for Ad- 
visory Group for Aeronautical Re- 
search and Development, and is 
made up of scientists and engi- 
neers from NATO countries. One of 
its panels, Structures and Materials, 
has been planning cooperative pro- 
grams in important materials areas, 
including refractory metals. The 
refractory metals program is emerg- 
ing from the planning stage, and is 
being implemented. A round-robin 
on analytical methods is well along. 
A similar round-robin con testing 
methods is to be initiated. Emphasis 
in the AGARD program is being 
given to basic research programs, 
including phase diagrams, diffusion 
couples, impurity effects, chemical 
deterioration due to gases, and 
coatings. These programs are to the 
point where the state of the art has 
been defined, and recommendations 
have been made for cooperative 
work. The various NATO countries 
now are identifying those portions 
of the recommended program they 
plan to undertake. A _ production- 
development program involving raw 
materials, consolidation methods, 
fabrication, and evaluation also has 
been planned. Many of the NATO 
countries, including Canada, France, 
Germany, the UK, and the US, have 
agreed to participate in this pro- 
duction-oriented program. United 
States participation probably will 
consist mainly of a tie-in with the 
extensive US Refractory Metal 
Sheet Rolling Program. 
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9) “The Dynamic Response of Iron 
and Iron Alloys to Shock Waves”— 
F. S. Minshall: Los Alamos, Univer- 
sity of California. 


10) “A Metallurgical Method for 
Simplifying the Determination of 
Hugoniot Curves for Iron Alloys in 
the Two-Wave Region”—C. M. 
Fowler, F. Minshall, and E. G. 
Zukas: Los Alamos, University of 
California. 


11) “Further Metallographic Stud- 
ies on Metals after Explosive Shock” 
—C. S. Smith and C. M. Fowler: 
University of Chicago and Los 
Alamos, University of California. 


12) “The Behavior of Iron and Steel 
under Impulsive Loading”’—E. G. 
Zukas and C. M. Fowler: Los 
Alamos, University of California. 


13) “On the Fracture of Solids 
under Impulsive Loading Condi- 
tions’—J. L. O’Brien and R. S. 
Davis: Harvard University and 
Arthur D. Little, Inc. 


14) “Some Observations on Explo- 
sively Loaded Iron and Mild Steel” 
—H. P. Tardiff, F. Claisse, and 
P. Chollet: CARDE, Canada, Laval 
University, Canada, and IRSID, 
France. 


15) “Metallurgical Effects of High- 
Intensity Shock Waves in Metals”— 
G. E. Dieter: E. I. du Pont de 
Nemours & Co. 


16) “The Strengthening of Aus- 
tenitic Manganese Steel by Plane 
Shock Waves”—A. H. Holtzman and 
G. R. Gowan: E. I. du Pont de Ne- 
mours & Co. 


As is apparent in the Table of Con- 
tents, a large number of items were 
covered with the participants gain- 
ing an especially broad view of the 
entire field of high velocity defor- 
mation. 


All of the papers were well written 
and informative. Some, such as 
Duvall’s Some Properties and Appli- 
cations of Shock Waves, were pri- 
marily of a review nature while 
others reported specific experimental 
data in a fairly narrow area. 


The book provides an excellent 
starting basis for the beginner in 
this rapidly expanding field. As in 
most books of this type, the technical 
material is somewhat disconnected 
so that the beginner would perhaps 
prefer a more orderly treatment. 
Unfortunately, none is available. In 
general, the subject matter of the 
book brings out clearly the diver- 
gence of opinion which exists among 
the several investigators on many 
matters relating to high velocity de- 
formation. The numerous discussions 
which have been included emphasize 
well this aspect of our present state 
of knowledge. 


Semiconductor Abstracts 


Semiconductor Abstracts, Vol. VI, 
1958 Issue, edited by J. J. Bulloff 
and C. S. Peet, compiled by Battelle 
Memorial Institute; John Wiley & 
Sons, Inc., New York, 528 pp., $14.00, 
1961. Reviewed by D. C. Jillson, Gen- 
eral Electric Co. @ 

As indicated, this is the sixth in 
a series of annual compilations of 
abstracts of literature on semicon- 
ducting and luminescent materials 
and their applications, and covers 
the year 1958. For those who are 
familiar with previous issues, suffice 
it to say that this volume is similar, 
but larger (1933 abstracts), and con- 
tains some innovations. These in- 
clude a more complete subject index 
and the use of a longer abstract on 
the first paper of a given subject, 
with subsequent abstracts being 
somewhat shorter. Oral presentations 
and subsequent publications are 
listed with the same abstract. 

These volumes are intended to 
assist workers in the field in keep- 
ing up with the contributions from 
the many branches of science encom- 
passed. They offer a good coverage 
and are helpful in conducting litera- 
ture searches. Since, however, they 
do not appear until two years after 
the period they cover, they do not 
relieve one of the need to use other 
means to survey current literature. 

The organization of the abstracts 
is based on materials. The Table of 
Contents includes the major head- 
ings: Elemental Semiconductors 
(Germanium and Silicon), Other 
Elemental Semiconductors, Halides, 
Oxysalts, Oxides, Chalcogenides, III- 
V Intermetallics, Other Inorganics, 
Organics, Theory, and Applications. 
A cross-referenced subject index and 
an author index are provided. 

In Volumes II, III, and IV, an 
effort was made to lengthen abstracts 
to include pertinent data and con- 
clusions, so that it might be unneces- 
sary to obtain original articles, and 
to add abstracts in various fringe 
areas in order to make them more 
useful. Abstracts of papers presented 
at certain professional society meet- 
ings were included, even though this 
did not constitute publication. In 
Volumes V and VI, in order to hold 
them to a reasonable size, more tech- 
nical rewritings, increasingly inten- 
sive editing, and more discriminating 
selection of abstracts has been re- 
quired. Solid-state phenomena of 
lesser relevance to semiconductor 
interests and fringe phenomena have 
been omitted, but indexing and cross- 
referencing are fuller. 
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ichard latham: " 


latham talks design 


When you think of industrial design, you tend to recall the giants that gave birth to the profession in the late 
Twenties: Loewy, Teague, and Dreyfuss. But hot on their heels is another generation of designers. One of them 
is this year’s Chairman of the Board of the American Society of Industrial Designers, Richard Latham, a 
man who as late as 1940 was a combination floor sweeper and designer at Montgomery Ward when it was 
one of only three Midwestern companies that had design departments. 

Those were the days when industry was just beginning to realize that good design represented a competitive 
advantage. They were the days of Montgomery Ward’s “Good—Better—Best” policy in which they used design 
subtleties to distinguish between three different grades of the same item. “In those days,” Latham says, “design 
was largely a matter of face lifting. Today, industrial design is becoming a true planning function for industry, 
and the designer is concerned as much with making a product work better as he is with appearance.” 

Latham is well-qualified to tackle any problem of form or function. During World War II he worked in 
engineering research and development on aircraft, including the jet fighter, weapons systems and ballistics, 
and the first air-borne radar system. After the war he devoted five years abroad to the German porcelain 
industry. Since then his work has centered on “hard” products and transportation. Included in the latter are 
work on the new Greyhound Bus and the DC-6 and DC-7 aircraft series. Since early 1955, he has headed his 
own industrial design firm of Latham, Tyler, Jensen and worked on ceramic consumer products, corporate 
identity programs, the design and marketing of housewares, retail shop layouts, aircraft instrumentation and 
design of medical equipment. A number of striking exhibits have been designed by Latham, Tyler, Jensen, 
including the Cantigny War Memorial Museum at Wheaton, Illinois, and they’re currently working on the 
Hall of Health for the California Museum of Science and Industry. 

What is the designer’s function today? “The real question,” Latham says, “is what should it be? Industry is 
using industrial designers to create or redesign products for next year’s markets, or at the most just a few 
years ahead. But the industrial designer’s real talent lies in genuine innovation, in crystallizing the reality of 
not only what a product might be, but what it can be. He conceives of totally new products that aren’t even 
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in existence today, and then gets down to the hard work of adapting them to the home, to the everyday 
business of living. The true industrial designer works years ahead. He dreams. Short-term design and redesign 
on the other hand, should be a staff function of industrial corporations where it can be integrated into the 
total marketing plan, including product development, sales, market development, merchandising. Then the 
true industrial designer can act as a pure consultant to industrial management.” Is he needed? “Woefully. 
He’s the only artist in business.” 

“But let’s not confuse the artistic designer with the Left Bank,” Latham says. “Industrial designers are—and 
have to be—hard-headed businessmen who must know what will sell and how well and easily the product 
can be manufactured. I haunt machine shops and production lines,” Latham says. “I talk to workers and 
foremen and try to analyze production problems, as well as educate them about what we’re striving for in 
the product design. Just as unrealistic design can make the production man lose his hair, a lack of understanding 
on the part of production people and insistence on long-standing production techniques can often ruin a design.” 

Selection of the right material for a design is another Latham trademark. The material must be capable of 
convenient fabrication, it must express the personality of the product that the designer is trying to achieve, 
and it must help move the product off shelves and showroom floors. 

Latham has used dozens of different materials, and it is no coincidence that the majority of his firm’s product 
designs have used steel in one way or another. He says, “Steel, after all, was the first metal available to man 
that could be stretched and pulled into form. Steel, to the designer, is form in tension. It has an inner strength 
that you feel. It was the first material that had enough ductility to be formed and drawn, yet at the same 
time enough strength to make a skeleton from which things could be hung, such as auto frames and certain 
types of architectural systems. And let’s not overlook the fact,” Latham says, “that this modern metal is the 
same one that made mass production possible.” 

The moral? Steel in its many forms has been with us for years, yet it continues to excite the imagination of 
people like Dick Latham and his associates who make a business of designing for the future. 
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This mark tells you a product 
is made of modern, dependable Steel. 
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Stainless Steel heat exchangers 
duplicate outer space at —443°F 


Missile scientists have turned to Stainless Steel to duplicate atmospheric 
conditions in outer space and save the great expense of actually firing missiles 
for pure test purposes. They can create temperatures as low as —443°F in 
Stainless Steel heat exchangers—and reduce air pressure to one-billionth of 
an atmosphere. Here is the problem Stainless solved: high-velocity-gas 
research demanded a heat exchanger that combined rapid cooling, compact- 
ness, lightness and freedom from contamination. For Tranter Manufacturing 
Company, fabricators of the unusual heat exchanger shown in the picture, 
Stainless filled the bill. Their Stainless “Platecoil” heat transfer unit cools 
50% faster than conventional coiled pipe designs; it. weighs half as much as 
conventional units, and occupies only one-half the space. Because of Stain- 
less Steel’s superior corrosion resistance, problems of corrosive scaling are 
eliminated. Pipe design is unusual. Two sheets of Stainless are embossed with 
serpentine half-channels, then welded together. Stainless “Platecoil” is used 
to jacket the launching tubes on the Polaris submarine, and has many more 
conventional uses in the chemical, food processing and petroleum industries. 
No other metal could do the job as well as Stainless Steel. 


(ss) Design Steels: 


Cut costs with (ss) Special Sections 


A USS hot-rolled special section is an irregular steel shape, de- 
signed specifically for one purpose and rolled so that there is little 
or no finishing required to meet final specifications. It is difficult to 
predict where a special section can come into a design. Its adoption 
follows a detailed analysis of production operations, such as ma- 
chining, grinding, welding or riveting; a study of scrap losses, 
freight economies, and a close look at mechanical requirements. 
Take a close look at some of the parts now being used in your 
designs. If you come to a conclusion that money can be saved or 
reliability can be improved, get in touch with us. If you want to see 
how manufacturers have made good use of USS Special Sections, 
write for our booklet, “Hot-Rolled Carbon Steel Special Sections.” 
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600,000-barrel capacity storage tank built of © “T-1” Steel 


The world’s largest oil storage tank is located in Mena 
Abdulla, Kuwait, on the Arabian Gulf. It was built by 
the Chicago Bridge & Iron Company of high-yield- 
strength USS “T-1” Constructional Alloy Steel. 
Its contents can fill a new super-tanker in one stop 
instead of several. By using “T-1” Steel, the contrac- 
tor was able to save fabricating, shipping and erecting 
costs and get extra strength and corrosion resistance. 
" The tank is 64 feet high and 260 feet in diameter. 
7 The shell consists of six 8-foot rings of “T-1” Steel, 
‘ made to 115,000 psi minimum ultimate strength, and 
r two top 8-foot rings made of A 131 grade A carbon 
steel. The tank has a Horton vontoon floating roof 
and the bottom of the vessel was made of A 283 grade 
C plates 44-inch thick. The “T-1” Steel shell thick- 
nesses, which ranged from one inch down to 14-inch, 
were determined on the basis of a design stress of 
38,333 psi, 4 of the minimum ultimate strength of the 
steel. Joint efficiency: 100%. By using USS “T-1” 
Steel in the lower rings, 42% less steel was required. 


U.S. Steel offers information 
on stress corrosion 


U. S. Steel researchers have been carrying on a pro- 
gram to determine the suitability of several very high 
strength alloy and stainless steels for aircraft and 
missile applications. Pictured here are several steel 
bands that have been tested to failure as part of this 
program. The study includes the effects of heat treat- 
ment and coatings on stress corrosion, and discusses 
the microstructural characteristics of stress corrosion 
cracks. The study is called, “Stress Corrosion of 
Steels for Aircraft and Missiles.” Get your copy by 
writing to United States Steel. USS and “T-1” are 
registered trademarks of United States Steel. 


new solutions for new problems 


me 


0 006 


USS “T-1” Steel offers the designer exceptional 
strength and toughness, even at very low tempera- 
tures. Some suggested uses are pressure vessels, 
equipment-hauling trailers, LP gas transports, off- 
shore rigs and other equipment that must be strong, 
light and corrosion-resistant. Our booklet, “USS “T-1’ 
Steel,” tells the whole story. Write United States 
Steel, 525 William Penn Place, Pittsburgh 30, Pa. 
“HORTON” is a registered trademark of Chicago Bridge & Iron Company 


Curves are vated only the stress does not 
the proportional of the maternal 


600i 


For the literature offered here, or for additional infor- 
mation, write to United States Steel, Room 6358, 525 
William Penn Place, Pittsburgh 30, Pennsylvania. 


United States Steel 
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330 W. 42nd St., N. ¥. 36, N. Y. 


THEORY OF METAL CUTTING 


By PAUL H. BLACK, Ohio Uni- 
versity. 197 pages, $7.50. 


An undergraduate text designed to provide 
the student with a theoretical and scientific 
understanding of the machining of metals. 
Consideration is given the cutting tool, the 
workpiece, the chip, and the cutting fluid. 
Discussions are included of solid-state physics 
as related to mechanical properties of mate- 
rials, of the mechanics of the cutting process, 
lubrication and wear, and indications of how 
the developments can be utilized for the 
ultimate aim: increased production. 


MECHANICAL METALLURGY 


By GEORGE E. DIETER, Jr., E. I. 
du Pont de Nemours. McGraw-Hill 
Metallurgy and Metallurgical En- 
gineering Series. Available in De- 
cember, 1961. 


A senior-level text designed to provide a 
comprehensive treatment of all the basic 
material of mechanical metallurgy in a single 
volume. Cutting across the fields of me- 
chanics of materials, physical metallurgy, 
testing of materials, and metal processing, it 
includes such areas as applied elasticity, 
plasticity, such aspects of metal physics as 
crystal deformation and dislocation theory. 
It also includes a consideration of how metal- 
lurgical structure determines mechanical 


. properties, the various methods of the failure 

Fabricated to your specifications. The superior of metals, fatigue, creep, brittle fracture, etc., 
nuclear properties of yttrium, samarium, gadolinium, and the mechanical tests which have been 
: 7 developed to predict the mechanical be- 
dysprosium, erbium and other rare earths can now be havior of metals. Finally, the subject includes 
the field of plasti kin, d shapi f 
readily utilized through this new, fast, custom fabricating 


service. This development will provide special advan- 
tages to manufacturers of neutron absorbers, scram 
systems, monitoring, measuring and power control 


equipment. MECHANICAL BEHAVIOR OF 
Michigan Chemical, a major rare earths metals and MATERIALS AT ELEVATED 
oxides producer, working with Dresser Products, Inc., an TEMPERATURES 
experienced designer and fabricator of nuclear/space Edited by JOHN E. DORN, Uni- 
materials, can now supply a wide range of wire, rod, versity of California, Berkeley. 544 
sheet and strip foil, round and square ingots, high density pages, $14.50. 
pellets and powders. Materials can be supplied as pure A tan ant tok 
metals or alloys, and pure oxides or mixtures to meet containing a series of coordinated chapters by 
nationally recognized authorities on various 
virtually any specification. aspects of the scientific basis and engineering 
application of the latest information on high 
Your inquiry will receive immediate attention. temperature behavior of materials. The 


major intent of the book is to provide a 
systematic background for the scientist and 
engineer in dislocation theory and its appli- 
cation to creep and related high temperature 
properties. 


RARE EARTHS AND THORIUM DIVISION 


MICHIGAN CHEMICAL 
CORPORATION 


500 North Bankson Street ¢ Saint Louis, Michigan 


LANTHANUM PRASEODYMIUM NEODYMIUM SAMARIUM EUROPIUM GADOLINIUM 
TERBIUM DYSPROSIUM HOIUMIUM ERBIUM THULIUM YTTERBIUM LUTETIUM YTTRIUM 
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editorial 


Seventy-One Years 


The Time: October 1890 
The Occasion: Members of The Iron and Steel Institute visit 
the United States 


Seventy-one years ago this very month was the first visit 
of members of The Iron and Steel Institute to the United 
States. The reception committee was presided over by the 
Hon. Abram S. Hewitt, President of the American Institute 
of Mining Engineers, the then AIME. 

Not only has the name of the AIME changed since then, 
but much water has passed under all bridges. Perhaps some 
comment on that year and that visit will put into perspec- 
tive the depth of the historic ties which bind the AIME and 
The Iron and Steel Institute. 

It was the year 1890 when the United States became first 
in pig iron production. The Iron and Steel Institute put it 
this way, “In the year 1889 the make of the United Kingdom 
was 336,000 tons above that of the only rival she had in 
point of production. The following year ....the United 
States shot ahead by nearly 1,166,000 tons of a nation which, 
for a hundred years or more, had left every other far behind 
in respect of make.” 

The Annual Dinner of The Iron and Steel Institute took 
place on the evening of the 2nd of October 1890 at Del- 
monico’s Restaurant in New York City with Sir James Kit- 
son, then president of The Iron and Steel Institute occupy- 
ing the chair. Among others present was General William 
Tecumseh Sherman who, in replying to a toast to the Presi- 
dent of the United States, spoke at length on many matters. 
“Looking around this hall...I feel no difference between 
this assembly of Englishmen and when I have been sur- 
rounded by Americans. You all appear hearty and worthy, 
and in all other respects you are exactly like our New 
Yorkers...I feel perfectly at home in Delmonico’s with 
English gentlemen”, said the General and went to assure 
his listeners that, “We have adjusted the Indian question in 
a great measure. It no longer threatens the country; and I 
can assure you that the Government of the United States 
has been fair to those Indians. The trouble exists with them- 
selves. They will not work, and without work the Almighty 
has sealed their doom.” And it is recorded that, “He touched 
every heart with his frank outspoken exclamation, ‘The 
Queen, God bless Her!’” 

A lot has changed since then, particularly our technology. 
But other things remain the same. And our words of wel- 
come for our friends in The Iron and Steel Institute would 
retain the same warm flavor as was expressed seventy-one 
years ago by President Hewitt of AIME and Andrew Car- 
negie. To this we would also exclaim with General Sher- 
man, “The Queen, God Bless Her!” 

FWs 
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Processing Long Lengths 


Of Superconductive Columbium-Tin Wire 


by K. M. Olsen, E. O. Fuchs, R. F. Jack of Bell Telephone Laboratories, Inc. 


S uperconductivity at average cur- 
rent densities exceeding 150,000 
amp per sq cm in magnetic fields as 
large as 88,000 gauss has been ob- 
tained on heat-treated composite 
wire consisting of columbium sheath- 
ing over a core containing a mixture 
of columbium and tin powders.’ The 
superconductive medium is the Cb,Sn 
compound formed in the central 
core by heat treatment. This disclo- 
sure suggests the feasibility of con- 
structing compact superconducting 
solenoid magnets capable of yielding 
fields exceeding 100,000 gauss. Such 
magnets are desired for laboratory 
use and for containing plasmas for 
nuclear fusion reactions. The con- 
struction of such solenoid magnets 
requires lengths of wire exceeding 
5000 ft to facilitate compact con- 
tinuous winding and to avoid diffi- 
culties associated with splicing short 
lengths together. 

A process has been developed for 
preparing long lengths of composite 
wire containing a core of columbium 
tin powder. The initial step involves 
filling a 20 ft length of 0.528 in. OD x 
0.328 in. ID annealed columbium 
tubing with pressed cylindrical slugs 
of a mixture of columbium and tin 
powders. Uniform density of the 
slugs—about 75 pct of theoretical—is 
obtained by pressing on a standard 
tabletting machine. After filling the 
tube with slugs, annealed nickel 
plugs are inserted in both ends which 
are then swaged to prevent expulsion 
of the core material during subse- 
quent processing. The columbium 
tube containing the slugs is cold 
drawn to 0.250 in. diameter and in- 
serted into a length of annealed 
nickel tubing. The entire composite 
is cold drawn to 0.032 in. diameter 
wire. A cross sectional macrograph 
of the finished wire (Fig. 1) shows 
good concentricity of the core and 
outer shells. The outside diameter of 
the columbium tube is approxi- 
mately 0.024 in. and the core diam- 
eter 0.013 in. It is apparent that the 
extensive cold drawing causes a com- 


724—JOURNAL OF METALS, OCTOBER 1961 


plete fragmentation of the pressed 
slugs into a powdered core material. 
A continuous length of about. 8000 ft 
of 0.032 in. diameter wire was ob- 
tained. A few breaks occurred during 
processing due mainly to inexperi- 
ence in handling this type composite 
wire on commercial drawing equip- 
ment. A piece of the 0.032 in. diam- 
eter wire was cold drawn further to 
0.020 in. diameter, thereby indicat- 
ing feasibility of preparing longer 
lengths having small cross sectional 
areas. From experience gained so far 
it appears possible to prepare longer 
continuous lengths of composite wire, 
especially since longer starting tubes 
can be obtained which can be proc- 
essed using existing commercial 
equipment. 

Ductility tests on this wire show 
that it can be wrapped satisfactorily 
around a % in. diameter mandrel. 
Measurements on wire samples that 
were heat treated 16 hr at 1000°C in 
vacuum indicate that the composite 
wire will be satisfactory for con- 


Fig. 1 — Cross 
section of 0.032- 
in. diameter com- 
posite wire. 50X 


struction of experimental supercon- 
ducting solenoid magnets. This has 
been confirmed recently by measure- 
ments on heat-treated solenoid mag- 
nets made using a few hundred feet 
of the composite wire. The perform- 
ance of the wound wire in the mag- 
nets was consistent with that ob- 
tained on short lengths. 

The authors wish to acknowledge 
the work of E. Buehler and F. S. L. 
Hsu who prepared the test samples 
and solenoid coils and measured their 
superconductive properties. 

The authors also wish to express 
appreciation to R. L. Hoff of the Su- 
perior Tube Co. of Norristown, Pa. 
and W. L. Stryker of the Wilbur B. 
Driver Co. of Newark, N. J., for their 
cooperative efforts in the drawing 
down of this composite wire for the 
Bell Telephone Laboratories. 


1J. E. Kunzler, E. Buehler, and F. S. L. 
Hsu: Superconductivity in CbsSn at High 
Current Density in a Magnetic Field of 88 
K gauss, Physical Review Letters, vol. 6, no. 
3, Feb. 1961. 
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increase of Stability of Hardness Upon Tem- 
pering Tungsten Steel Because of increase 
in Quenching Temperature. Note absence of 
this phenomenon in plain carbon steel. 


1—Water-Quenching from 1470 °F. 
2—Water-Quenching from 2190 °F. 


Rockwell Hardness. 


Carbon Steel 
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meets these rigid tool steel 
requirements 


For the severest requirements of cutting tools, whether in Tungsten carbide 
or in high-speed steel, Tungsten is indispensable. There are also other im- 
portant uses in which hot-working steels and high-temperature steels owe 
their superiority to the presence of Tungsten. 

Useful qualities that can be imparted to carbon steels by the addition 
of Tungsten are greater toughness at a given hardness, greater resistance 
to corrosion at a given hardness, and better sustained hardness at high tem- 
peratures. Stability of hardness, in particular, is indicated by the chart here 
reproduced. This chart and others, with a thorough discussion of the most 
economical and most successful uses of Tungsten, will be found in a book, 
“Tungsten Steel,” which may be had on request. 

Inquiries on any contemplated use of Tungsten, Molybdenum, Rare 
Earths, Columbium, or Boron will be welcomed. 


CORPORATION OF AMERICA 
1312, Building Number 4, Gateway Center, Pittsburgh 22, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Sales Representatives: Brumiey-Donaldson Co., Los Angeles, San Francisco 
Subsidiary: Cleveland-Tungsten, Inc., Cleveland 
Plants: Washington, Pa., York, Pa. 
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WELCOME 


As suppliers of graphite electrodes and 
mold stock to the electric are furnace and 
foundry industries throughout the free world, 
we are happy to have this opportunity 
of extending a warm welcome to 
visiting British delegates of 
THE IRON AND STEEL INSTITUTE 


—and of offering our best wishes for 
an enjoyable and worthwhile visit 
in the United States. 


ELECTRODE DIVISION 


GREAT LAKES CARBON CORPORATION 
18 East 48th Street—New York 17, N. Y. 


ANGLO GREAT LAKES CORPORATION LTD. 
Newburn Haugh— Newcastle upon Tyne 5 


GREAT LAKES CARBON INTERNATIONAL LTD. 
140 Park Lane-London W. 1. 
Sole Representative for the United Kingdom 
and Western Europe 


GRAPHITE PLANTS OF THE ELECTRODE DIVISION + GREAT LAKES CARBON CORPORATION 


Niagara Falls, New York Antelope Valley, Lancaster, California ANGLO GREAT LAKES CORPORATION LIMITED 
Affiliate of Great Lakes Carbon Corporation 
Newburn Haugh — Newcastle upon Tyne, England 


726—JOURNAL OF METALS, OCTOBER 1961 


/ 
| 
| 
: 


Iron & Steel Institute’s Special Meeting 


Thursday, Oct. 19 

Afternoon Inaugural session at the 
new United Engineering Center 
Address of welcome by the Presi- 
dent of AIME, followed by lecture 
on Three Centuries of Progress in 
the American Iron and Steel Industry 
by James B. Austin. 


Friday, Oct. 20 
All day Visit to Fairless Works of 
U.S. Steel Corp. 


SECTION II NIAGARA FALLS 


Saturday, Oct. 21 

All day Travel by special train 
from New York to Buffalo. Transfer 
from Buffalo to Niagara Falls, Ont., 
by bus. 


Sunday, Oct. 22 

Afternoon Sightseeing tour of 
Niagara Falls area by invitation of 
Union Carbide Ltd., (London). 

Evening Buffet supper at Prud’- 
homme Restaurant, St. Catherines, 
Ont., by invitation of Union Carbide 
Ltd. 


Monday, Oct. 23 

All day Visits to the Research 
Laboratories of Union Carbide 
Metals Co., Niagara Falls, N. Y., and 
to the Research Laboratories of the 
Linde Co., Tonawanda, N. Y. 

Evening Cocktails and dinner at 
the Sheraton Brock Hotel, Niagara 
Falls, Ont., by invitation of Union 
Carbide Corp. 


Tuesday, Oct. 24 

All day Visit to steelworks at 
Hamilton, Ont., with lunch; the 
plant of Dominion Foundry & Steel 
Co., Ltd., will be visited in the 
morning and that of the Steel Co. of 
Canada Ltd. in the afternoon. 

Evening Cocktails and dinner at 
Royal Connaught Hotel, Hamilton, 
by invitation of the Canadian steel 
companies. 


Wednesday, Oct. 25 

Canadian breakfast at the Shera- 
ton-Brock Hotel, Niagara Falls, Ont., 
by invitation of the Canadian Steel 
companies. 

Morning Visit to the works of 
Atlas Steel Co. Ltd., Welland, Ont. 
Lunch at Rathfon Inn, Port Col- 
borne, Ont., by invitation of the 
Canadian steel companies. 

Afternoon Leave for Cleveland 
and Detroit. 


SECTION IIIA CLEVELAND 


Wednesday, Oct. 25 
Evening Arrive in Cleveland 


Thursday, Oct. 26 
Morning Visit to either Cleveland 


Condensed Vinenary 


works of Republic Steel Corp., or 
Case Institute of Technology. 
Afternoon Visit to Research Center 
of Republic Steel Corp. 
Evening Cocktails and dinner at 
the Statler-Hilton Hotel, Cleveland, 
by invitation of Republic Steel Corp. 


Friday, Oct. 27 

All day Visit to Canton and Mas- 
silon works of Republic Steel Corp. 
The group will travel by bus to 
Pittsburgh after the works visits. 


SECTION HIB DETROIT 


Wednesday, Oct. 25 
Evening Arrive in Detroit. 


Thursday, Oct. 26 

Morning Attend meetings of The 
Metallurgical Society of AIME and 
the American Society for Metals and 
the ASM Metals Exposition. 

Afternoon Visit works of Great 
Lakes Steel Corp., Ecorse, Mich. 

Evening Attend Banquet of Ameri- 
can Society for Metals. 


Friday, Oct. 27 

All day Travel in the morning by 
air to Cleveland, then by bus to 
visit the Canton and Massilon works 
of Republic Steel Corp. The group 
will travel by bus to Pittsburgh after 
the works visit. 


SECTION IV PITTSBURGH 


Friday, Oct. 27 
Evening Arrive in Pittsburgh. 


Saturday, Oct. 28 

Afternoon Attend American foot- 
ball game between the University of 
Pittsburgh and the US Naval Acad- 
emy. 

Evening Cocktails, buffet supper, 
and dancing at the Pittsburgh-Hilton 
Hotel. The President of the Iron and 
Steel Institute, Sir Charles Goodeve, 
will be host. 


Sunday Oct. 29 

Afternoon Attend concert of the 
Pittsburgh Symphony Orchestra or 
flower show. 


Monday, Oct. 30 
All day Visit to Aliquippa works 
of Jones & Laughlin Steel Corp. 
Evening Cocktails and dinner at 
the Duquesne Club, Pittsburgh, by 
invitation of the Association of Iron 
and Steel Engineers. 


Tuesday, Oct. 31 

Either 

All day Visit to Research Center, 
Monroeville, and blast-furnace pilot 
plant, Universal, Pa., of U.S. Steel 
Corp. 

Or 


In U.S. and Canada 


Morning Free or visit to Carnegie 
Institute of Technology. 

Afternoon Visit to Homestead 
Works of U.S. Steel Corp. 


Wednesday, Nov. 1 

Either 

Morning Visit to Gulf Research 
and Development Co. Laboratories 
at Harmarville. 

Afternoon Fly from Pittsburgh to 
Washington, D. C. 

All day Travel by bus from Pitts- 
burgh to Washington, with lunch en 
route. 

Or 

Morning Travel by bus or air to 
Warren, Pa. 

Afternoon Visit to the works of 
National Forge Co., Irvine, Pa. 

Evening Dinner at the Conne- 
wango Country Club by invitation of 
the National Forge Co. Spend night 
in motel at Warren, Pa. 


Thursday, Nov. 2 
(Only for those visiting Warren, Pa.) 

Either 

All day Travel by bus from War- 
ren to Washington, D. C. 

Or 

Morning Travel by air from War- 
ren to Washington, D. C. 

Afternoon and evening See Wash- 
ington program below. 

SECTION V WASHINGTON 
Wednesday, Nov. 1 
(Except party visiting Warren, Pa.) 

Evening Arrive in Washington. 
Thursday, Nov. 2 

Afternoon Sightseeing tour of 
Washington, no. 1. 

Friday, Nov. 3 

All day Visit to Sparrows Point 
works of the Bethlehem Steel Co. 
Saturday, Nov. 4 

Afternoon Sightseeing tour of 
Washington, no. 2. 

Evening Cocktail party in the 
Rotunda of the British Embassy, by 
invitation of J. Rennie, C.M.G., HM 
Commercial Minister, and Mrs. 
Rennie. 

Sunday, Nov. 5 

Afternoon Visit by bus to Mount 
Vernon. 

SECTION VI NEW. YORK 


Monday, Nov. 6 
Morning Travel by train from 
Washington to Philadelphia. 
Afternoon Sightseeing tour (4 
hours) of Philadelphia; then travel 
by train to New York. 


Tuesday, Nov. 7 
All day Free in New York. 


Wednesday, Nov. 8 
Return to UK. 
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A WELCOME 
To Members of 


The Iron and Steel Institute 


t is a pleasure to have this opportunity to wel- 
| come our friends of The Iron and Steel Institute 
of London on the occasion of their visit to the 
United States at the invitation of The Metallurgical 
Society. We are looking forward to seeing old 
friends again and to making new acquaintances 
among our colleagues in the British steel industry. 

The Iron and Steel Institute was founded on 
February 25, 1869, about two years before the 
founding of the AIME. Its objects were stated to be: 


“To afford a means of communication between 
members of the Iron and Steel Trades upon 
matters bearing upon their respective manu- 
factures, excluding all questions connected 
with wages and trade regulations.” 

“To arrange periodical meetings for the pur- 
pose of discussing practical and scientific sub- 
jects bearing upon the manufacture and work- 
ing of iron and steel.” 


In line with the second objective, the Institute 
has held, in addition to meetings in the United 
Kingdom, a number of meetings in foreign coun- 
tries. This is, however, only the third official visit 
to the United States, and we are honored to be their 
hosts. The first visit was made some seventy years 
ago—in 1890; a second visit in 1904. A meeting in 
1938 was planned but abandoned because of the 
Munich crisis. 
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In 1899, the Institute was incorporated by Royal 
Charter and H. M. Elizabeth II is Patron of the 
organization. The first President was William 
Cavendish, Seventh Duke of Devonshire, who was 
followed by Sir Henry Bessemer. Among other 
well-known personages who have served as Presi- 
dent are: Sir Lowthian Bell, Sir C. William Siem- 
ens, Sir William Roberts-Austen, Andrew Carnegie, 
C. H. Desch and Sir Andrew McCance. The list of 
Honorary Vice Presidents includes; Henry Marion 
Howe, Judge Elbert H. Gary, Prof. Henri LeChate- 
lier, Charles M. Schwab and, as of May this year, 
Howard M. Biers. Of special interest to us is the fact 
that our Secretary, Ernest Kirkendall, is an Honor- 
ary Member. 


The Institute’s tour will, because of limitations of 
time, be somewhat restricted but it should provide 
a representative cross-section of the nature and ex- 
tent of the American steel industry. We hope that 
the trip will prove to be pleasant and profitable to 
our guests and that it will result in better contacts 
and closer relations among the steelmakers of both 
nations. 

J. B. Austin 
Chairman of 
the Joint Committee 
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n behalf of the members of The Metallurgical 

Society of the AIME, I should like to welcome 
our colleagues of The Iron and Steel Institute (of 
London) on the occasion of their Special Meeting 
in the USA and Canada. The relationship between 
the two institutes has always been warm and 
friendly, and this is yet another occasion for re- 
newing the historic ties between the organizations 
and the individuals which make up their member- 
ships. Indeed the two institutes are so close that a 
great many of us hold memberships in both organ- 
izations. 


This is not the first visit of The Iron and Steel 
Institute to these shores, for in September 1890, 
295 members of The Iron and Steel Institute and 
142 members of the Verein Deutscher Eisenhuet- 
tenleute crossed the Atlantic to hold the annual 
autumnal meeting in New York. “The reception 
committee, which was presided over by the Hon. 
Abram S. Hewitt, President of the American Insti- 
tute of Mining Engineers, was representative of the 
whole of the iron and steel interests of United 
States. Leaders of mining and metallurgy in every 
coal and iron district had joined the several com- 
mittees of reception and entertainment, every one 
of influence in the trade being directly or indirectly 
represented, so that every district stood in relation- 
ship with the central committee. The resources 
placed at the service of the reception committee 
were large and they were administered with an 
open and a lavish hand”, so wrote Sir James Kit- 
son, then president of The Iron and Steel Institute. 


A WELCOME 


From 
The Metallurgical Society 


Andrew Carnegie, on behalf of the American 
iron and steel trades, gave the address of welcome 
at the first meeting. Sir James continues, “He 
promised that every mine, every manufactory, and 
every workshop would be absolutely open for our 
inspection, and further, that any information asked 
for would be cheerfully and frankly supplied.” 
With these words on the occasion of that first visit, 
71 years ago, we have a goal to reach and shall set 
ourselves to the problem of trying to surpass it. 

A long and detailed journey has been planned for 
members of The Iron and Steel Institute; it includes 
our largest and most modern steel works and re- 
search centers as well as those of Canada. And the 
social aspects of the trip, including sight-seeing, 
official receptions, and dinners, have not been omit- 
ted. We trust that you will also take advantage of 
the opportunity to attend as many sessions as possi- 
ble of The Metallurgical Society’s Fall Meeting 
which is being held in Detroit at the same time as 
the Metals Congress—October 23-26. 

The services of The Metallurgical Society and its 
staff—only recently housed in comfortable modern 
quarters—are gladly placed at your disposal. We 
bid you welcome to them as well as to our technical 
meetings, our mills and plants, and to our cities and 
villages. The ties are strong that bind us, and we 
hope that by this visit they will be strengthened 
and that you will derive much knowledge and en- 
joyment from your tour. We shall strive to make it 
such a success that you will come away feeling, as 
did Sir James Kitson, that, “The friendships formed 
and the international courtesies bestowed—are such 
as will confer lasting pleasure and national benefit 
as long as their record endures.” 


J. S. Smart, Jr., President 

Karl L. Fetters, Pres.-Elect 

The Metallurgical Society 
of AIME 
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THE 
IRON AND STEEL 
| INSTITUTE 


A brief description of The Iron and Steel Institute of London 
and some of its activities, written by its secretary. 


by K. Headlam-Morley 


he Iron and Steel Institute was founded in 1869 

to make it possible for those engaged in the 
industry in Great Britain to discuss technical prob- 
lems of common interest. It holds the privileged 
status, in English law, that results from the grant of 
a Royal Charter (1899). 

The headquarters was originally in Middles- 
brough, Yorkshire, the home of many of the Iron- 
masters who took a leading part in its formation, 
but since 1873 it has been located in London. 
In 1938 the Institute moved to No. 4 Grosvenor 
Gardens, Westminster, and a few years later a long 
lease of these excellent premises was secured as the 
result of the generous gift of many companies in 
the British Steel industry. The staff at No. 4 num- 
ber about 60 persons. 

From the start the Institute’s objects were at- 
tained primarily by publishing papers and holding 
meetings at which the papers were discussed. 


The Journal 


Since 1947, the Journal has been published 
monthly. It contains papers on all aspects of iron 
and steelmaking, including ore beneficiation and 
such connected subjects as refractories and fuel 
technology; rolling and reshaping and the various 
finishing processes; and papers on scientific sub- 
jects, metallography, metal physics, analysis and 
so on; also on iron and steel works engineering; and 
occasionally articles on archaeology and history and 
lectures which take a wider view of the problems 
that face the iron and steel industries of the world 
or which describe the latest developments in the 
scientific knowledge of the structure of materials 
and of the processes by which they are produced. 
Recently, there was published a series of papers on 
the use of computers and in the near future it is 
planned to print a number of papers on productiv- 


K. HEADLAM-MORLEY is Secretary of The Iron and Steel In- 
stitute of London. 
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ity. The journal contains abstracts and book re- 
views. It is supplied free of charge to members as 
part of the return for their dues but many copies 
are also sold. 

Groups of papers prepared for a meeting on a 
subject of special interest, reports of research com- 
mittees, the proceedings at symposia, and other 
papers which are too long or otherwise unsuitable 
for inclusion in the Journal are published as books 


The President of The Iron and Steel Institute—Sir Charles Good- 
eve, O. B. E., D.Sc., F.R.S. 
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in the Special Report Series. About 70 of these 
volumes have been issued. They deal with a very 
wide range of subjects. Examples are: The Han- 
dling and Treatment of Iron Ores, The Determina- 
tion of Nitrogen in Steel, Air and Water Pollution, 
Sinter, Steelworks Refractories, Atlas of Isothermal 
Transformation Diagrams, the Production of Wide 
Steel Strip, and Corrosion. 


Meetings 

Two general meetings are held each year, early 
in May and late in November, usually in London, 
England. Several sessions meet simultaneously, and 
an attempt is made to provide, over a period of 
years, opportunities for the discussion of a wide 
range of practical and scientific subjects of current 
interest. It is normal practice at all Institute meet- 
ings for papers to be published in advance so that 
they need be presented only in brief summary. In 
this way, more time is available for discussion, and 
this also helps to make the meetings more lively. 

A Special Meeting is usually held in the summer 
or early autumn either in a steelmaking district in 
the United Kingdom or in some other country. For 
example, meetings have in recent years been held 
in Glasgow, Scunthorpe, and South Wales. Last 
year, the Institute visited Italy and this year the 
special meeting is being held in the US by invita- 
tion of The Metallurgical Society of AIME. Invita- 
tions have been accepted to hold meetings in Ger- 
many in July 1962 and in India in February 1963. 

At these meetings welcome opportunities are 
provided for visiting plants and laboratories and 
for getting to know practical and scientific men 
from other countries. 

The Iron and Steel Engineers Group was formed 
in 1946 in order to take care of the requirements of 
engineers in the industry. This was thought to be 
desirable, since the wide range of the subjects 
covered by the old established engineering insti- 
tutions made it impossible for them to give suffi- 
ciently detailed attention to the special problems 
which confront engineers in iron and steelworks. 
The event has amply justified this initiative. The 
committee which controls the Group’s activities, 
under the general supervision of the Council of the 
Institute, organizes an extensive program of meet- 
ings in London, in steelmaking districts in Great 
Britain, and occasionally overseas. Some of the 
meetings are designed especially to encourage 
younger engineers. Papers are published either in 
the Journal or as Special Reports. 

A more recent special development was the joint 
formation with the (British) Institute of Metals of a 
Group which organizes discussions on Powder Met- 
allurgy. The papers and proceedings of this Group 
are published separately in Powder Metallurgy 
which is issued twice a year by the Institute of 
Metals on behalf of both Institutes. 


Membership 


Membership of the Insitute is suitable for those 
who are interested in the scientific or technical 
development of the industry and of the connected 
technologies. Evidence of qualifications is not re- 
quired. Admission is by election on payment of the 
required subscription. Membership is confined to 
individuals, and there is no company membership. 
There is no restriction on nationality, and although 
the Institute is centered in London and has specially 
close connections with the British Steel Industry, 


its membership is international. Out of a total of 
nearly 5,500 members, about one third live in one 
of over 50 countries outside Great Britain. These 
include more than 450 members in the US. The 
first non-British member was elected in the year 
when the Institute was founded—Mr. Thomas Blair, 
ironmaster of Pittsburgh, Pa. 

Social activities include a banquet in London at 
the time of the Annual Meeting and this is attended 
by about 1,500 members and guests. Owing to pres- 
sure on the available accommodation, ladies can- — 
not be invited. On the other hand, ladies who ac- 
company members and guests from other countries 
are very welcome and special programs and suit- 
able social functions are arranged to enable these 
friends to meet British members and their ladies. 
We try to make their visit as enjoyable as possible. 
The Special Meetings usually include elaborate pro- 
grams for ladies, as is the case in the current visit 
to Canada and the US. 

The Council of the Institute has at its disposal 
a number of awards and medals. The most impor- 
tant of these are the Andrew Carnegie Research 
Grants paid to research workers out of the income 
from a fund founded in 1901 by Mr. Carnegie and 
the Bessemer Gold Medal and Medal of The Iron 
and Steel Institute founded in 1873 and 1960, res- 
pectively. The first of these is awarded to an in- 
dividual for work of outstanding merit; the latter 
is intended for presentation to societies which 
have rendered exceptional service to science or in- 
dustry over a long period. 

For many years the Institute has played an im- 
portant and sometimes a pioneer role in encourag- 
ing technical and metallurgical education. Currently 
it is represented on the leading committees con- 
cerned with this important activity. 


Library and information services 


The Institute operates what is undoubtedly the 
chief metallurgical library in Great Britain. This 
is a Joint Library with the Institute of Metals. It 
covers the whole field of metallurgy, the metallur- 
gical industries, and connected technologies. The 
text-books number over 30,000 but more important 
than these is the collection of periodicals. The 
librarian’s objective is to insure that every important 
periodical is secured promptly, irrespective of the 
country of origin or of the language in which the 
contents are written. 

Information services are operated in connection 
with the library. These include the British Iron 
and Steel Industry Translation Service. The Insti- 
tute coordinates the activities in the translation 
field of many of the leading British steelmakers 
and thus insures that each year between 300 and 
400 technical articles published in many different 
languages are made available promptly and inex- 
pensively in English. These translations are also 
sold. By arrangement with the appropriate govern- 
mental authority (The Dept. of Scientific and Indus- 
trial Research), the Institute prepares a cover to 
cover translation of the Russian monthly periodical 
Stal. The English version usually appears within 
three months after publication in Russian. 

The world’s literature within the field covered 
by the Institute is abstracted. Between 11,000 and 
12,000 abstracts are published each year in the 
Journal. These abstracts are also supplied fort- 
nightly on cards. The Abstract and Book Title In- 
dex Card Service provides, at reasonable cost, a 
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complete, handy, and prompt guide to the world’s 
literature. The contents of the Journal and ab- 
stracts are covered by indexes which use the Uni- 
versal Decimal Classification (U.D.C.) system. The 
information department also handles many inquir- 
ies by telephone and letter, supplies photostat 
copies of articles, and provides bibliographies and 
other similar services. 


Cooperative research 


There is in Great Britain a long tradition of 
cooperative research by which companies in the 
iron and steel industries pool resources to investi- 
gate problems of production which are of common 
interest and to extend the theoretical basis of 
knowledge of materials and processes. Develop- 
ment in this respect has been different in the United 
Kingdom than in the United States. Historically, 
the Institute played a leading part in fostering this 
work, in the early days by establishing research 
committees, and between 1924 and 1944 by organiz- 
ing a series of joint Research Committees with the 
British Iron and Steel Federation. These commit- 
tees dealt with a wide range of problems connected 
with the heterogeneity of steel ingots, alloy steels, 
steel castings, and corrosion, and also were respon- 
sible for some 20 sub-committees. 

In 1945 the British Iron and Steel Research As- 
sociation (BISRA) was founded by the British 
Iron and Steel Federation, (the organization which 
represents the companies) to take over all the 
responsibility for cooperative research in the in- 
dustry. The activities of these organizations are 
described in a separate article. Suffice it here to say 
that the work has been very greatly expanded to 
the great benefit of the British Steel Industry and 
that the organizations work closely together so as 
to avoid unnecessary overlapping or duplication of 
activities. Thus, many research reports issued by 
BISRA are published in the Institute’s Journal and 
the Institute’s Library and Information Services 
are supported by the Research Association and are 
available for the use of its staff and of its member 
companies. 

Nine members of the Council of the Association 
are appointed by the Council of the Institute while 
on a personal basis the Director of BISRA, Sir 
Charles Goodeve, is the current President of the 
Institute. 


American members 


Many leading people in the American steel in- 
dustry and many American scientists have contri- 
buted important papers to the Institute’s Journal 
and have taken an important part in discussions at 
meetings. Among those who have delivered the an- 
nual Hatfield Memorial Lecture (founded to com- 
memorate the late Dr. W. H. Hatfield a Vice-Presi- 
dent and Chairman of Research Committees, who 
died in 1943, and administered by the Institute in 
conjunction with the University of Sheffield) are 
the following: 


1946 Professor G. B. Waterhouse: The Service to 
Metallurgy of the Late Dr. W. H. Hatfield. 

1948 Dr. R. F. Mehl: The Decomposition of Aus- 
tenite by Nucleation and Growth Processes. 

1955 Dr. E. C. Bain: Trends in Metallurgical Re- 
search in the United States of America. 
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Dr. Morris Cohen of M.I.T. has accepted an invi- 
tation to deliver the fourteenth lecture in Sheffield 
in May 1962. 

The Bessemer Gold Medal has been awarded to 
the following eleven Americans: 


1879 Peter Cooper 

1883 Alexander Lyman Holley 
1890 Hon. Abram S. Hewitt 
1893 John Fritz 

1895 Henry Marion Howe 
1904 Andrew Carnegie 
1924 Albert Sauveur 

1928 Charles M. Schwab 
1942 Eugene Gifford Grace 
1951 Benjamin F. Fairless 
1955 John Chipman 


There has only been one American President, 
Mr. Andrew Carnegie, from 1903 to 1905. (The 
President used to serve for two years but the period 
of office is now normally for one year only. On only 
two other occasions have Presidents, who were not 
British subjects, been elected). On the other hand 
there have been several American Honorary Vice- 
Presidents: 


1909-1913 John Fritz 

1916-1922 Henry Marion Howe 
1922-1927 Judge Elbert H. Gary 
1926-1939 Charles M. Schwarb 
1930-1943 James A. Farrell 


Dr. Howard Biers was elected an Honorary Vice- 
President earlier this year. 

The roll of the Institute includes nine American 
Honorary Members out of a total of 59 elected 
during the last 92 years: 


1875-1883 Peter Cooper 

1887-1903 Hon. Abram S. Hewitt 
1893-1913 John Fritz 

1904-1919 Rossiter Worthing Raymond 
1921-1927 Charles Frederic Rand 

1942 Walter S. Tower 

1955- Howard Biers 

1955-1958 William H. Eisenman 

1955- Ernest O. Kirkendall. 


Meetings have been held in the US, on two pre- 
vious occasions, in 1890 and in 1904. Arrangements 
to hold such meetings in 1932 and in 1938 had to 
be cancelled owing to the unfavorable economic 
or political conditions. It is now with great plea- 
sure that the Council has accepted the invitation 
of The Metallurgical Society of AIME to hold an- 
other meeting in the US after an interval of 57 
years. All concerned in the organization of this 
meeting wish to record their gratitude to the 
Councils and Staffs of The Metallurgical Society 
and of AIME—and particularly to the Chairman 
and members of the Sponsoring Committee, as also 
to the Boards and Staffs of the American Society 
for Metals and of the Association of Iron and Steel 
Engineers for their welcome offer of hospitality. 
They wish to record also their appreciation to the 
boards of directors and staffs of the many com- 
panies and other organizaticns in numerous cities 
in Canada and the US who have offered facilities 
for visiting their plants and have planned to pro- 
vide generous hospitality. This cooperation will 
insure the pleasure and success of the meeting. 
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by A. H. Leckie 


he United Kingdom is one of the world’s major 
producers of steel—its annual output of 27 
million net tons (1960) being exceeded only by the 
United States, the Soviet Union, and Western Ger- 
many. Nevertheless, UK output is only about one 
quarter of that of the US and indeed is exceeded by 
the capacity of a single American company—U.S. 
Steel Corp. The problems and structure of the UK 
industry are for this and other reasons different 
from those of the US industry. One difference is the 
number of central agencies connected with the 
guidance and direction of the industry, the objec- 
tives and relationships of which often puzzle the 
visitor from overseas. While a description of these 
administrative bodies is the main subject of this 
article, it may also be of interest to the reader to 
give first a brief outline of the principal facts about 
the UK iron and steel industry. This is of necessity 
very much condensed, and for full information, the 
reader is referred to recent publications such as the 
Development’ and Annual’ Reports of the Iron and 
Steel Board, and the Annual Report of the British 
Iron and Steel Federation’. 

In the UK there are a considerable number of 
relatively small works as well as a few operating 
on a scale comparable to that of major American 
works. The industry is geographically scattered be- 
cause the sources of raw materials and the markets 
are widely distributed. However overland hauls of 
more than 100 miles for ore and coking coal are un- 
common, and where they do occur, are mainly of 
marginal quantities required for blending. 

The map on p. 726 shows the location of the major 
coal and iron ore resources and the iron and steel 
producing areas in the UK. The steel industry has 
tended to concentrate (a) as plants using imported 
ore in coastal locations which have good ports and 
are also near coalfields, and (b) as plants using 
home ore where large deposits of this ore are to be 
found relatively near the surface, and where low 
ore mining costs make a modest transport charge on 
coal tolerable. The large centers of steelmaking in 
Scotland, the Middlesbrough area, and in South 
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Wales belong to the former category, and those in 
North Lincolnshire and Northamptonshire depend 
on the home ore in those areas. Some of the loca- 
tions now relying mainly on imported ore originally 
had substantial amounts of home ore in the vicin- 
ity, but it is now worked out. The best example is 
the Middlesbrough area which was originally based 
on the famous Cleveland ironstone deposits, some 
of which still remain, but are now so expensive to 
mine that relatively little ore is now extracted. 
There is one major orefield—that in Oxfordshire— 
which has not so far given rise to a local iron and 
steel industry because it is rather far from the tra- 
ditional coalfields, and the local water and labor 
resources are inadequate. But ore from this field, 
being lime-bearing, is used in considerable quanti- 
ties in South Wales and the Midlands for blending 
purposes. The recent discovery of coal in the area 
may justify an Oxfordshire steel plant at some time 
in the future. 


Raw materials 


The UK still has large reserves of coking coal, al- 
though many of the seams are thin and difficult to 
work; hence, the cost of extraction has risen steeply. 
Nevertheless, no shortage of this coal is envisaged 
for the foreseeable future, and in the UK the blast 
furnace is not likely to get major competition from 
alternative ironmaking processes of the direct re- 
duction type. The major competitor of coke is likely 
to be fuel oil injected into the furnaces. 

Although there are small reserves of relatively 
rich (55 pet Fe), low-phosphorus ores in Cumber- 
land and South Wales, these provide only 2.5 pct 
of the total ore mined in the UK. Apart from these, 
the ores found in the UK are poor in iron, ranging 
from below 20 pct to 35 pct or more. One of the 
main problems is that UK siliceous ores cannot be 
enriched to any significant extent by the usual min- 
eral dressing methods because most of the silica is 
not present as free quartz, but in the mineral, 
chamosite (3FeO-2SiO,-Al,O,), or, when oxidized, 
as an intimate mixture of limonite and clay. The 
only enrichment possible on an industrial scale is 
achieved through sintering which drives off the 
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carbon dioxide and water vapor resulting in sinters 
with an iron content of 35 pct to 40 pct. With the 
lime-bearing ores, some separation of the lime is 
possible, but these ores are invariably used in 
blends where their lime content is of value, and 
concentration of the ore to remove lime would offer 
little, if any, advantage. The highly efficient blast 
furnace practice operated in North Lincolnshire by 
the Appleby-Frodingham Steel Co. is world fa- 
mous‘. Here the local lime-bearing ironstone con- 
taining about 20 pct Fe is blended with siliceous 
ironstone of about 30 pct Fe (brought from about 
50 miles away), in proportions to give the right 
lime: silica ratio for the slag. When this blend is 
sintered, the sinter has an iron content of about 35 
pet and is almost completely self-fluxing. Use of 
this material gives coke consumptions of below 1600 
lb per NT iron in the furnace, which is a remarkable 
achievement with such lean ores. 

Some 19 million net tons of home ore were mined 
in the UK in 1960, mostly from surface operations, 
up to 100 ft of rocky over-burden having been 
stripped. However, extraction by underground min- 
ing is increasing as the deeper ore levels are ex- 
ploited. Reserves are now put at over 3000 million 
net tons, but there are additional possible reserves 
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of over 1000 million tons, and the extent and qual- 
ity of the deeper beds are not yet fully explored. 

In addition to these home ore supplies, about 20 
million tons of ore were imported into the UK in 
1960, of which 16.5 million tons were used in blast 
furnaces (the rest being mainly for oxidation in 
steel furnaces). This ore comes from a wide range 
of suppliers, the principal sources being Scanda- 
navia, North Africa, Canada, and Venezuela. The 
average iron content of imported ore is about 55 pct, 
so that although rather more home ore than im- 
ported ore is used in the blast furnaces, only about 
30 pct of the iron produced comes from home ore; 
about 55 pct comes from imported ore, and the re- 
maining 15 pct from scrap millscale, pyrites, 
residues, etc. 


lronmaking 


Blast furnace practice is on the whole conven- 
tional, the modern UK ironworks using furnaces of 
hearth diameters from 25 to 31 ft. The use of sinter 
is increasing rapidly, particularly in works based 
on the lean home ores where the benefits of sinter- 
ing are most marked. The increase in the amount of 
sintering in plants using the richer imported ores 
has been slower, partly because the economic bene- 
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fits of sintering are not fully realized until furnaces 
are driven to the degree that sinter permits. Limi- 
tations of blowing and material-handling facilities 
have prevented this in some instances. Neverthe- 
less, there is now a rapid growth of sintering taking 
place in plants using imported ore. Average con- 
sumption of sinter has risen from 1300 lb per NT of 
iron in 1957 to about 1900 lb per NT in 1960. 

In the UK up to now, there has not been the same 
interest in pelletizing as an alternative to sintering 
that there has been in the US. This is because sin- 
tering is more suitable for the lean home ores con- 
taining some 35 pct CO, and moisture. Plants oper- 
ating on imported ores use a number of ores of 
widely different physical and chemical characteris- 
tics, and it is easier to blend and agglomerate these 
ores in a sinter plant, particularly if the aim is to 
produce a partly-fluxed or self-fluxing material. 
But the merits of pelletizing vs. sintering are being 
examined, and there is some interest in importing 
Pellets, if these can be supplied at an attractive 
price. 

In 1960 the coke consumed in the UK blast fur- 
naces averaged 1649 lb per NT of iron, plus an addi- 
tional 180 lb per NT of breeze consumed in the sinter 
plants. But these figures represent a national aver- 
age, and modern plants well equipped with sinter 
capacity have operated for long periods at from 
1600 lb of furnace coke per NT to 1200 lb, according 
to the richness of the ore. The former figure applies 
to the practice already referred to, using lean ore 
sinter averaging about 35 pct Fe made from ores 
containing from 17 pct to 28 pct Fe, and the latter 
to richer sinter and ore, with about 400 lb of scrap 
per ton of iron. 

These coke consumption figures are for conven- 
tional practice without tuyere injection of fuel or 
the use of high top-pressure. Tuyere injection is 
being operated at a few plants, and there is con- 
siderable interest in its possibilities, but the UK 
has practically no resources of natural gas, and the 
usual injected fuel is oil. One plant will begin ex- 
periments injecting powdered coal at the end of the 
year, and one or two works are giving consideration 
to the use of coke-oven gas. 

There has been only moderate interest in high 
top-pressure, the general view of the industry be- 
ing that other things such as ore preparation capac- 
ity and blowing capacity must be right before high 
top-pressure is put into operation. However, a few 
UK furnaces are operating with a moderate top 
pressure (up to a few psi) and most, if not all, of 
the new furnaces being constructed are designed to 
be able to operate under high pressure, if this prac- 
tice is adopted later. 


Steelmaking 


In 1960 about 85 pct of UK steel was made in 
open-hearth furnaces, about 8.5 pct by pneumatic 
processes, and about 6.5 pct in electric furnaces. It 
is estimated that by 1965 these proportions will be 
66.5 pct, 21.5 pct, and 12 pct respectively. There- 
fore, the open-hearth furnace is still by far the 
most important steelmaking unit, and this predom- 
inance will remain for a number of years. But all 
the major new steelmaking developments depend 
either on one of the top blown basic oxygen proc- 
esses (LD or Kaldo) if using hot metal, or on elec- 
tric arc furnaces if using scrap. 

There are three main types of open-hearth steel- 
making practice. Plants using 100 pct cold metal, 


mainly scrap, use fixed furnaces of up to 170 tons 
capacity. But there is a tendency to replace these 
with electric arc furnaces, and considerable pub- 
licity was given some time ago to the decision of 
one big cold metal plant (Steel Peech & Tozer) to 
replace their 21 open hearths by six arc furnaces." 
This plant, with an annual capacity of 1.5 million 
net tons will be the largest electric melting shop in 
the world. Plants using hot metal and scrap in the 
60-40 range, use fixed furnaces of up to 450 tons 
capacity often with oxygen-assisted combustion 
and oxygen injection through the roof. Plants using 
80 pct to 100 pct molten iron, usually of high phos- 
phorus content (1.5 pct), use tilting furnaces of up to 
400 tons capacity. In this practice the phosphoric 
slag is run off at an intermediate stage and sold as 
an agricultural fertilizer, and the refining slag is 
retained as a start for the next heat—a tilting fur- 
nace is necessary to operate in this way. Recently 
some furnaces have been modified in design for 
operating with intensive oxygen lancing (the Ajax 
process)* so that the mode of operation becomes 
somewhat similar to that of a basic oxygen furnace. 
Ajax furnaces of some 220 ton nominal capacity can 
produce 6650 tons of steel a week using a charge 
consisting almost entirely of high phosphorus iron. 

Regarding basic oxygen furnaces, both LD and 
Kaldo types are being installed, the former at the 
new Ravenscraig plant of Colvilles Ltd., at Richard 
Thomas & Baldwins Ltd. (Spencer Works and Ebbw 
Vale works), at John Lysaght’s Scunthorpe Works, 
and at the Consett Iron Co., Ltd. Kaldo vessels were 
chosen for Shelton Iron and Steel Ltd. and for part 
of the Consett plant. Oberhausen Rotors are being 
built at Richard Thomas & Baldwins Redbourn 
works, Scunthorpe, but these will be used to pre- 
refine metal for the open hearths. There is no clear 
cut choice of process under UK conditions because 
of the wide variation in the cost of pig iron, accord- 
ing to the ores from which it is made (home or im- 
ported, and distance from port). The differences in 
yield of the various processes can have substantial 
economic effects which must be taken into account 
together with capital and operating costs. Also a 
number of works which make high carbon steel 
from phosphoric iron have chosen the Kaldo proc- 
ess, reckoning that this gives better metallurgical 
control under their conditions. 

Whether the LD type vessels will be operated as 
straight LD or with lime injection (LDAC) will 
depend on the phosphorus content of the iron. Since 
the UK draws its ore supplies from a wide range of 
sources, most of the new plants will have provision 
for lime injection, to give greater flexibility. Vessel 
size ranges from 60 to 110 tons. 

In addition to the top blown oxygen process, ves- 
sels of 65 to 70 ton capacity are bottom blown with 
oxygen and steam at the Abbey Works of the Steel 
Co. of Wales Ltd.’ This process is designated by the 
company as the VLN process because of the very 
low nitrogen content (0.001 pct) of the steel pro- 
duced; its production costs are presumably some- 
what higher than those of top blown oxygen fur- 
naces because of the cost of bottoms and of a 
slightly lower yield, but no doubt, the company 
view is that any additional cost is justified by the 
excellent steel quality produced. 

Mention should also be made of the Brymbo 
process operated by the works of that name". This 
is the pre-refining of blast furnace metal with oxy- 
gen in a special vessel before finishing in an electric 
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are furnace. It enables hot metal to be used in arc 
furnaces making alloy steel. 


Casting and rolling 


Little need be said regarding rolling because 
modern UK mill practice is similar to that in the 
US and familiar to American readers. In recent 
years, all the UK plate mills have been, or are be- 
ing, completely modernized and, when this is com- 
plete they will all be four-high mills. With the ex- 
ception of medium or narrow plate up to % in. 
thick coming off the strip mills, UK plate output is 
from reversing mills of either one or two stands. 
Semi-continuous or continuous plate mills have 
been considered, but are not thought to be appropri- 
ate for the wide range of sizes ordered in relation 
to tonnage. 

The major billet mills are of conventional con- 
tinuous design having up to 10 stands, but a fair 
tonnage still comes off older reversing mills. Mod- 
ernization of structural mills is in progress. The 
new mill of Dorman Long & Co. Ltd., which is one 
of the most up-to-date structural mills in the 
world, commenced operation in 1958", and a similar 
but smaller new universal structural mill is being 
built at Shelton Iron & Steel Ltd. Other companies’ 
structural mills have been modified to roll the uni- 
versal sections now in demand. 

There are three wide strip mills, all in Wales: 
one at Richard Thomas & Baldwins Ebbw Vale 
works, (56 in.); another at the Shotton Works of 
John Summers & Sons, Ltd. (60 in.); and the third 
at the Abbey Works of The Steel Co. of Wales at 
Port Talbot (80 in.). Two more are being con- 
structed: one at the Ravenscraig works of Colvilles 
Ltd., near Glasgow (66 in.), and the other at the 
new Spencer works of Richard Thomas & Baldwins 
Ltd., near Newport, Mon. (66 in.). These mills will 
both commence operations next year. A modern 
continuous mill for medium width strip (up to 18 
in.) commenced operating at Steel Peech & Tozer, 
Rotherham, in 1957. 

There is a hot Steckel mill for rolling stainless 
steel sheet in the Sheffield district, and hot plane- 
tary mills for rolling medium width strip are in 
operation both in Sheffield and Birmingham. 

An important research program in continuous 
casting started in the laboratories of the British 
Iron and Steel Research Association (BISRA) in 
1948. The first production-scale plant started at the 
Low Moor Alloy Steel Co. in the late 1940’s casting 
special steels. The first plant for carbon steel started 
operation at the Barrow Steel Co. works in Decem- 
ber, 1952. Both the Low Moor and Barrow plants 
were essentially experimental, although a good 
deal of the steel cast in them was sold. However, 
in 1959 the Barrow Steel Works announced that a 
new twin-strand plant was to be built to replace an 
obsolete billet mill, to provide material as small as 
2 in. diameter for the company’s re-rolling plant; 
this will commence work this year. The small di- 
ameter of the cast material is a remarkable feature 
of both the original and new plants at Barrow. The 
difficulties of casting 2 in. material at a satisfactory 
speed are formidable, and to do this the Barrow’s 
technical staff developed special techniques includ- 
ing automatic control of metal level in the molds”. 

In the last 18 months plans were approved for 
continuous casting plants at the Appleby-Froding- 
ham Steel Co., Shelton Iron and Steel Co. Ltd., the 
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Steel Co. of Wales Ltd., and Richard Thomas & 
Baldwins Ltd., Panteg Works, as well as at one or 
two small re-rolling plants formerly relying on 
bought billets. The plant at Shelton is noteworthy in 
that it will eventually handle all the steel the 
works produces, and feed the new structural mill. 
Barrow and Shelton will be among the first works 
in the world to rely entirely on continuous casting. 
The other large installations will be used to cast 
tonnages somewhat over the capacity of the pri- 
mary mills. 

An interesting recent development is the casting 
of what is, in effect, a multiple run of billets in a 
single mold and strand”. 


Special and alloy steels 


At one time, the production of special and alloy 
steels was largely centered in the Sheffield area. 
While this district remains the largest center for 
these steels, increasing tonnages are now made in 
Scotland, the Midlands, and Monmouthshire. Fa- 
cilities for vacuum casting are being installed at a 
number of works, and vacuum melting techniques 
are being extended. Alloy steel production in 1960 
was 1.82 million net tons, of which 1.24 million 
tons was produced in the Sheffield area. 


Central agencies and organizations 


The main central organizations now concerned 
with the industry are listed below: 


Name Function 
British Iron & Steel Trade Association 
Federation 
British Iron & Steel Commercial branch of 
Corp. Ltd. Federation 
The Iron and Steel ) 


Trades Confederation 
National Union of 
Blastfurnacemen J 
British Iron & Steel 
Research Assn. 
The Iron & Steel 
Institute 


Trade unions 


Central research for 

industry 

Scientific society con- 

cerned with the 

industry 

Iron & Steel Corp. of State parent company 
Great Britain during nationalization 
(Dissolved by 1953 Act) period 

Iron & Steel Holding & Selling securities back 
Realisation Agency to public 

Iron and Steel Board Government appointed 

independent body to 

supervise industry 


There are also central associations concerned with 
the iron and steel foundries. 

It will be appreciated that, owing to the dif- 
ferent conditions under which UK industry oper- 
ates, many of the central agencies set up in the 
UK would be discouraged or be unlawful in the US. 

A brief reference to the history of the national- 
ization of the steel industry is necessary. In early 
1951 the Labor Government in the UK brought into 
operation an Act (passed in 1949) nationalizing the 
companies whose main activity was the production 
of iron and steel. This nationalization was carried 
out by compulsory purchase of the securities of the 
various companies (payment being made in Gov- 
ernment fixed interest stock) and these securities 
were held by the Iron and Steel Corp. of Great 
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Britain, the State parent company created for this 
purpose. Thus, the nationalization of the iron and 
steel industry, unlike that of coal, gas, electricity, 
and railways, was simply a transfer of ownership of 
shares, and the companies continued to operate 
under the old names and managements. In the fall 
of 1951, the Labor Government lost office, and in 
1953 the Conservative Administration put into 
operation an Act to de-nationalize the industry. 
This was done by dissolving the Iron and Steel 
Corp. of Great Britain and replacing it by the Iron 
and Steel Holding and Realisation Agency, with 
the duty of selling the securities of the companies 
back to the public. It will be understood that a 
massive operation of this kind has had to be spread 
over several years, and indeed is not yet complete; 
a few companies still are subsidiaries of the Agency. 
At the same time, the Iron and Steel Board was 
established to exercise overall supervision of the 
industry in the public interest, which was still re- 
garded as advantageous for UK conditions. 


British Iron and Steel Federation 


This Federation is the industry’s trade associa- 
tion. During the decade before 1932, the steel in- 
dustry operated under difficult conditions, largely 
arising from the often-depressed state of industry 
in general. To encourage and assist the industry to 
install new plants, tariff protection of the industry 
was introduced by the Government in 1932. At this 
point, the Government also introduced a broad su- 
pervision over prices to ensure that tariff protec- 
tion was not used to exploit consumers, and pro- 
tection was further made conditional on the indus- 
try re-organizing itself to improve co-ordination 
in assessing demand, secure raw materials, and re- 
equip plants. The Federation was set up in 1934, 
and its guidance, coupled with the general recovery 
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Appleby-Frodingham Steel Co., 
Scunthorpe, operating on 35- 
pet Fe self-fluxing sinter. 
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in trade from 1935 onwards, led to a rapid recovery 
in the industry’s health. 

Membership of the Federation is voluntary. It has 
no statutory power in relation to companies, either 
to compel membership, or to enforce its decisions. 
Companies and sections of the industry are associ- 
ated with the organization because they consider 
that such association offers them positive advan- 
tages, because they wish to use the many central 
services it offers, and because many problems re- 
quire the expression of an industry view. 

The Federation assesses the industry’s require- 
ments of raw materials, and supplements the nor- 
mal commercial arrangements of companies where 
this is necessary, e.g. organizing emergency scrap- 
collection drives in periods of scrap shortage and 
organizing emergency fuel arrangements during the 
oil shortage in 1956-57. It represents the industry in 
discussions on transport matters, e.g. with the na- 
tionalized railroads, for instance, it discusses size, 
number, and design of the freight cars required to 
serve the industry. 

The Federation has undertaken important work 
in connection with the development and modern- 
ization of the industry. Although the setting up of 
the Iron and Steel Board in 1953 has placed statu- 
tory responsibility for ensuring efficient develop- 
ment on the shoulders of the latter body, the Fed- 
eration naturally continues to regard advice to the 
industry on development as one of its important 
functions. 

The Federation also assists with the training of 
personnel. Although this is primarily a responsi- 
bility of companies, the Federation’s assistance 


takes the form of (a) courses and conferences at a 
training college the industry maintains at Leam- 


ington Spa, Warwickshire, (b) an exchange scheme 
with European steel works for young managers, and 
(c) producing educational material such as film 
strips and pamphlets. 

The Federation acts jointly with the Iron and 
Steel Board in collecting statistics of production, 
and also engages in extensive public relations work, 
accident prevention studies, etc. 

However, the Federation takes no direct part in 
negotiating wages and conditions of work. This is 
done between the employers and trade unions 
through separate machinery. 


British lron and Steel Corp. Ltd. 


The Federation is a service and policy-making 
body and cannot engage in trade. In the UK steel 
industry, however, it has for sometime been con- 
sidered desirable to carry out certain commercial 
activities, such as importing ore, scrap, and semi- 
finished steel, through a central body. The Federa- 
tion therefore set up the British Iron & Steel Corp. 
Ltd. to carry out this and similar activities. Sub- 
sidiary companies such as BISC (Ore) Ltd. pur- 
chase overseas ores and arrange for shipping, and 
BISC (Salvage) Ltd. buys ships for scrap. 

An important part of the Corporation’s activities 
is the operation of the Industry Fund. Much of the 
turnover of this fund is concerned with the central 
purchase of imported raw materials and their sale 
to the industry. However, in the UK the price of 
scrap has so far been kept low in relation to that of 
pig iron. Production costs of works using mainly 
pig iron and of those using mainly scrap are kept 
in equitable balance by imposing a levy on bought 
scrap and allowing a remission on use of pig iron, 
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the two being roughly self-balancing as far as the 
Industry Fund is concerned. Other costs met from 
the Industry Fund are those of central research 
(largely a grant to the British Iron & Steel Re- 
search Assn. (BISRA) amounting to about $2.1 mil- 
lion in 1960), and the activities and administration 
of the Federation. The Fund receives income from 
a levy on steel ingots and a summary of its trans- 
actions appears in the Annual Report of the Iron & 
Steel Board for 1960”. 


Trade unions 


The iron and steel industry has two main indus- 
try unions: the Iron and Steel Traders Confedera- 
tion and the National Union of Blastfurnacemen, 
Ore Miners, Coke Workers, and Kindred Trades. 
The coverage of the latter is clear from its name, 
and the Confederation looks after the workers from 
the steel melting shops onwards. 

The UK steel industry is fortunate in that both 
the Confederation and the Blastfurnacemen’s union 
have always enjoyed serious and responsible lead- 
ership, and while carrying out their legitimate duty 
of looking after their members’ interests, they also 
recognize that these depend on a healthy and pros- 
perous industry, free from strikes. The Confedera- 
tion’s members have not been involved in any 
major strike on a nation-wide scale for over 30 
years. There have been occasional minor troubles 
in individual districts which the union has helped 
to settle expeditiously. 

However, the UK steel industry has also to deal 
with the many other—mainly craft—unions with 
members in the industry. These unions each have 
their own attitudes and policies which complicate 
negotiations. Nevertheless, the steel industry in the 
UK on the whole enjoys good labor relations, and 
has not as much difficulty as some other industries 
in securing union co-operation on measures de- 
signed to improve productivity. 

The history of the trade union movement in the 
UK iron and steel industry has been written up by 
the Confederation in a book published in 1951.” 


British lron and Steel Research Assn.” 


The concept of the industrial research association 
originated after World War I, when the need for 
more research in industry became evident. Many 
UK industries comprised a large number of firms, 
and each was too small to support a research de- 
partment big enough to be of any use. The solution 
adopted was the formation of an industrial research 
association to which industrial firms contributed 
according to some formula based on size, wage bill, 
or turnover, and to which the Government con- 
tributed on a scale in proportion to the industrial 
income. There are now over 40 of these associations 
covering a wide range of industries. 

The iron and steel industry was rather late in 
forming a research association because many iron 
and steel firms had their own research departments, 
and the industry, of necessity, employed a large 
technical staff. However, the British Iron and Steel 
Federation had a small technical department con- 
cerned with fuel efficiency, and later with a wider 
range of problems, such as the study of furnace 
design, which were suitable for collective investiga- 
tion. Also for many years the industry had ar- 
ranged collaborative work, notably on ingot struc- 
ture and alloy steels, through the Iron & Steel In- 
stitute. Towards the end of World War II it seemed 
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appropriate to co-ordinate these various collective 
research centers in a properly constituted research 
association, and the British Iron & Steel Research 
Assn. now commonly known as BISRA, was formed 
in 1945, under the direction of Sir Charles Goodeve. 
It grew rapidly to hecome the largest industrial re- 
search association in the UK, with a total income 
(1960) of about $2.7 million and operating large 
and well equipped laboratories in London and sev- 
eral major steelmaking centers. Space does not per- 
mit a description of its activities here, but its re- 
port, published annually, gives a summary of each 
year’s work." 


The Iron and Steel Institute 


This requires mention in the context of the or- 
ganizations serving the industry, but it is the sub- 
ject of a separate article and is, therefore, not de- 
scribed here. As the main scientific society and 
meeting place for those concerned with the indus- 
try its importance is evident. 


Iron and Steel Holding and Realisation 
Agency 

This agency was set up under the 1953 Act to sell 
the securities of the steel companies back to the 
public and so effect denationalization. The Agency 
took over from the Iron and Steel Corp. of Great 
Britain securities whose original cost was about 
$700 million. As of September 30, 1960 the com- 
panies still subsidiaries of the Agency (in effect not 
de-nationalized) represented securities with a book 
value of $82.5 million; in addition the Agency still 
held prior charge securities in de-nationalized com- 
panies representing a book value of $350 million. 
The Agency has also made loans to one or two com- 
panies”. 

Of the $82.5 million of securities in subsidiary 
companies, $60 million represent the book value of 
securities of Richard Thomas & Baldwins Ltd. In 
addition, the Government, through the Ministry of 
Power and the Agency, is financing that company’s 
heavy exp:nsion program, notably the new inte- 
grated works near Newport, Mon., which will cost 
about $350 million. Together with expenditure at 
other works, RTB will be spending some $420 mil- 
lion in the next three years, and the Minister of 
Power recently stated in Parliament that “.... it 
may be that the sale of the equity capital of RTB 


Continuous casting of billets at Barrow Steel Works Ltd. 


could be more advantageously carried out when the 
present plans are further advanced and there are 
more tangible signs of the company’s earning 
capacity”. 


Iron and Steel Board 


Although the Government decided to return the 
iron and steel industry to private ownership by the 
de-nationalization Act in 1953, there remained a 
general opinion, shared by the Government, that 
some sort of public supervision of a major basic 
industry, such as the iron and steel industry, was 
desirable under UK conditions. One reason for this 
is that a modern steel works, for example a strip 
mill plant, has a high productive capacity—3 mil- 
lion tons or so a year—and the total requirements 
of the UK of some steel products for home con- 
sumption and export could be met from only a few 
works, or even one works, if these works were 
made of optimum size for large-scale production. 

The general duty of the Iron and Steel Board as 
laid down by Parliament is “to exercise a general 
supervision over the iron and steel industry,...... 
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with a view to promoting the efficient, economic, 
and adequate supply under competitive conditions 
of iron and steel products, and in particular to keep 
under review 


1) the productive capacity of iron and steel 


producers; 

2) the arrangements for procuring and distribut- 
ing raw materials and fuel for use in the iron 
and steel industry; 

3) the prices charged for iron and steel products; 

4) arrangements for the promotion of research 
and training ...; 

5) arrangements for the promotion of safety, 
health and welfare; and 

6) arrangements for joint consultation between 
iron and steel producers and persons employed 
by them ... on matters of mutual interest 
other than terms and conditions of employ- 
ment.” 


The Board itself consists of a Chairman and not 
less than nine nor more than fourteen other mem- 
bers, appointed by the Minister of Power “from 
among persons who have wide experience of, and 
show capacity in...” iron and steel production, ac- 
tivities involving the use of iron and steel, the or- 
ganization of workers, industry commerce, finance, 
or administration, or applied science. (The Chair- 
man, however, must not be engaged to a substantial 
extent in production of iron and steel nor in the 
organization of workers employed in iron and steel 
production, nor may he, nor any full-time member 
of the Board, have any substantial financial interest 
in iron and steel production. ) 

The present Board consists of a part time Chair- 
man, with long administrative experience in Gov- 
ernment (Sir Cyril Musgrave) a part time deputy 
Chairman (Sir Lincoln Evans) who was formerly 
general secretary of the Iron and Steel Trades Con- 
federation, a full time Executive Member (Sir 
Robert Shone) with a technical and economic back- 
ground who was formerly director of the British 
Iron and Steel Federation, and nine part time mem- 
bers drawn mainly from the industry, trade unions, 
and consumers of iron and steel. This Board is 
served by a permanent staff of about 120 with offices 
in London. 

Although appointed by the Minister of Power, 
and reporting to the Government through this 
Minister, the Board is entirely independent and is 
not financed by the Government but by a levy of 
about 3¢ a ton of steel ingots and 2.3¢ a ton on 
merchant iron not used for steelmaking. Staff mem- 
bers are not part of the Government Civil Service. 


Steel Supplies 


To conform with its general duty of promoting 
the efficient and economic supply of steel, the Board 
studies both public and private economic informa- 
tion and makes estimates of future steel demand 
ever a period of years, and then compares those 
estimates with the likely supply of steel coming 
forward for development plans submitted by indi- 
vidual firms. So far this is done by preparing five- 
year plans at intervals. If any shortfall in the sup- 
ply of a particular product seems likely, the Board 
consults with the industry and usually a company 
well suited to fill the deficiency will come forward 
with proposals for doing so. If, however, the indus- 
try should fail to do this, the Board has power to 
report to the Minister that they cannot secure the 
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required capacity by consultation with the indus- 
try, and the Minister may then take steps to pro- 
vide the facilities. 


Capital Investment 


All proposals for new developments costing more 
than about $280,000 must be approved by the 
Board, and the effect of this is that nearly all plans 
for new plant are submitted to the Board, which 
examines them to see that they conform to the 
general requirements of the Iron and Steel Act. 
Since these plans have been prepared by the com- 
petent engineers of the companies, there is seldom 
any need to question minor technical details. Re- 
quests for works to reconsider certain aspects of 
schemes are more likely to lie in the direction of 
whether more home ore could be used, whether cer- 
tain alternative locations have been considered, 
whether adequate automation has been allowed for, 
and so on. If the Board does not approve a devel- 
opment scheme, the company concerned may appeal 
to the Minister of Power. 


Prices 


The Board has the power to fix the maximum 
prices which may be charged in the home market 
by the producers of the principal iron and steel prod- 
ucts, and up to now it has availed itself of this 
power. The maximum prices of most products are 
quoted in a series of price determinations which 
are on sale publicly. Companies have freedom to 
sell at any prices in the export market and at prices 
below the maxima in the home market. However, 
in practice the maximum price is usually the actual 
price charged, and the method of assessment 
adopted by the Board assumes that this will be so. 

Although this method of price fixing may seem 
strange applied to a private enterprise industry, the 
intention is to achieve what would happen in a free 
price system. In countries where prices are nomi- 
nally free, price leadership or price alignment 
seems to operate. 

The method of price fixing must take a number 
of factors into account. It must provide for a suffi- 
ciently-attractive return on capital to encourage 
modernization and re-equipment. On the other 
hand, it must not be so high as to keep obsolete 
plants in business. The Board has no power to close 
inefficient and obsolete plants; so the only method 
of securing this result is to see that the maximum 
prices allowed do not encourage high-cost plants 
to continue. The method used is briefly this. A plant 
for making a particular series of products is de- 
signed on paper along the most modern and efficient 
lines so far known, but using only proved processes. 
Thus, a wide strip mill plant would employ a con- 
tinuous hot mill, with a throughput of 3 to 3.5 mil- 
lion tons per year, large open-hearth furnaces, and 
30-ft diameter blast furnaces using self-fluxing 
sinter. So far oxygen steelmaking has not been in- 
cluded in these calculations, but in the next revi- 
sion, the new oxygen processes will have been 
sufficiently developed in the UK to be included in 
the calculations. The location of the works is as- 
sumed to be good, being situated adjacent to the 
ore fields if using home ore, and adjacent to a deep 
water port if using imported ore. The capital and 
probable operating costs are then worked out, and 
the price which will give a fair return on the capi- 
tal cost involved is then calculated. In doing this, 
the industry is consulted. The officers of the Board 
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responsible for making the calculations meet those 
representing the industry around the table, and en- 
deavor to reach agreement on target capital and 
operating costs for a new plant. Since the Board 
staff and the industry representatives both want to 
determine the right answer to the problem of deter- 
mining target costs, agreement is reached more 
often than might be thought. In numerous instances 
the industry contends that the Board sets an impos- 
sible target, but experience has shown that a target 
thought impossible one year is often reached in the 
following year or two. Most of the disagreement on 
this method of price fixing centers around what is 
a fair percentage return on capital, and on what 
percentage of capacity-working this return should 
be calculated. These problems are more concerned 
with financial policy than with technical efficiency. 

Apart from their primary purpose of providing 
guidance on maximum price fixing, the New Plant 
Cost studies have proved useful to the industry in 
that they provide information on targets which 
should be attainable in efficient plants. 

These studies involve lengthy calculation and 
are undertaken at intervals of about three years. 
Between major price revisions based on these stud- 
ies there inevitably occur many changes in the 
price of raw materials, wage rates, fuel, etc. If ne- 
cessary, allowances are made for these when they 
arise. An important guide in these adjustments is 
provided by the profit margins earned month by 
month as shown in the regular cost returns each 
company makes to the Board offices. If these be- 
come too far out of line with what are considered 
to be fair returns, a reassessment of prices is un- 
dertaken. For instance, the recent increase in the 
price of coal, in wages, and the imposition of a tax 
on hydrocarbon oils, obviously called for a revision 
of maximum prices, and one recent disagreement 
between the Board and the industry has been the 
extent to which these increases in cost ought to be 
recovered by an increase in prices, and the extent 
to which the industry should counter increases in 
price of fuel and labor by improvements in effi- 
ciency. 

Research 

The Board is required to keep the industry’s re- 

search arrangements under review. The facts that 


The Spencer steelworks of 
Richard Thomas & Baldwins 
Ltd. at Newport, South 
Wales, is expected to com- 
mence operations in the 
spring of 1962. 


most major steelworks have their own research 
laboratories, and that there exists a large central 
research association, BISRA, were regarded as sat- 
isfactory research arrangements in the first few 
years of the Board’s life. Views have been expressed 
that the industry ought to be doing more research. 
Last year, therefore, the Board made a special in- 
quiry into the extent of each firms’ research activ- 
ities, and a confidential report was submitted to the 
Board. The report showed up the difficulty of ob- 
taining comparable figures because of varying defi- 
nitions of research, and also the difficulty of deter- 
mining a standard of adequacy—whether this should 
be measured in terms of research expenditure in 
relation to turnover, or in terms of the weight of 
unsolved problems awaiting solution, or in terms of 
the number of successful discoveries. Before any 
conclusion criticizing or praising the industry’s 
level of research could be reached, the Board de- 
cided that the report should be examined by a 
Technical Advisory Panel composed of leading ex- 
perts on research and the administration of research 
drawn from both inside and outside the industry. 
The Board has no power to conduct research it- 
self, but could levy the industry to secure funds to 
make grants and loans to research establishments 
or to individuals, if the industry’s research effort 
were found to be inadequate. Therefore, the Tech- 
nical and Research Division of the Board does not 
set out to do research alongside the organizations 
already doing this. This Division is small and 
mainly concerned with serving the technical re- 
quirements of the Board’s work on development, 
supplies, costs, and prices, e.g. technical comment 
on development schemes and the effect of technical 
changes on cost. It is also concerned with the 
Board’s statutory duty to keep the industry’s re- 
search arrangements under review. To carry out 
these duties, the Division must keep fully ac- 
quainted with new technical developments both at 
home and abroad. It does undertake some studies of 
the relationship between costs and technical per- 
formance which can only be made in an organiza- 
tion having special access to information on costs. 
The Board has other functions. As mentioned 
earlier, the industry’s statistics are collected and 
published jointly by the Board and the Federation. 
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It is the official source of information on the in- 
dustry as far as channelling this to the Government 
is concerned. The official links with the European 
Coal and Steel Community in the steel trade are 
maintained through the Board, and a member of 
the staff is appointed to the United Kingdom dele- 
gation in Luxembourg. The Government looks to 
the Board to advise the UK delegates to the Iron 
and Steel Committee of OEEC and the Steel Com- 
mittee of the Economic Commission for Europe. 


The Board in Action 


An illustration of how the Board has acted in- 
dependently of both industry and of political in- 
terests is provided by the history of recent strip 
mill developments in the UK. In 1954, Richard 
Thomas & Baldwins Ltd. submitted proposals for 
an integrated works producing slabs and billets on 
a site near Newport, Mon. The Board recognized 
that the proximity to the excellent dock facilities 
of Newport and to coking coal supplies made this 
location very suitable for a steelworks based on im- 
ported ore blended with the relatively nearby 
Oxfordshire ore, but the Board thought that the 
demand for steel sheet was such as to justify the 
provision of a wide strip mill at Newport, rather 
than a billet mill. Extensions of billet capacity 
would be more appropriately undertaken on the 
home ore fields because the high phosphorus con- 
tent of these ores was no drawback for this prod- 
uct. This billet-mill scheme, therefore, was not ap- 
proved. 

Richard Thomas & Baldwins Ltd. later came for- 
ward with a strip mill scheme, but by then con- 
siderable agitation was coming from other steel- 
making districts, notably Scotland, for new wide 
strip mills to be built locally. Athough the Board 
maintained that Newport was the most economic 
site, there was strong support in political circles 
for a Scottish strip mill, largely because of the need 
to encourage employment in that country. The 
Board was able to show that a completely new in- 
tegrated strip mill on a Scottish greenfield site 
would be subject to severe economic disadvantages 
under the conditions operative at that time. 
However, it agreed that a proposal from an existing 
Scottish steel firm, Colvilles Ltd., to add a semi- 
continuous wide strip mill to their slabbing mill 
(originally planned as part of their increased plate 
rolling facilities) had merits. Approval was, there- 
fore, given to both Richard Thomas & Baldwins and 
Colvilles strip mill proposals. 

In 1959 the Steel Co. of Wales Ltd. submitted a 
scheme for increasing iron and steel making capac- 
ity, including a 48-in. strip mill. This scheme had 
many attractive features, including the provision 
of more hot rolled strip to fill already-available 
cold rolling capacity. On the other hand, the Board 
had to take into consideration the fact that the new 
66-in. mill for Richard Thomas & Baldwins Ltd., 
45 miles from the Steel Co. of Wales’ plant at Port 
Talbot, would have ample spare hot rolling capacity 
for many years to come because the initial plans at 
that works provided for a hot mill with an annual 
capacity of at least 3 million tons and steelmaking 
capacity of only 1.6 million tons. Also the new mills 
provided excess rolling capacity for some years 
ahead. The Board, therefore, suggested to the Steel 
Co. of Wales that they should delete the new hot 
mill from their scheme and should make arrange- 
ments with Richard Thomas & Baldwins to process 
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slabs from Port Talbot in the new hot mill at the 
RTB Newport works, the coil being returned to the 
Steel Co. of Wales. The Board initiated discussions 
between the two competitive companies, who 
quickly reached agreement. This saved some $36 
million of capital, and the saving in cost of servic- 
ing such a capital sum is much greater than the cost 
of transporting slabs and hot coil between Port 
Talbot and Newport. 

The above is perhaps sufficient to show how the 
Iron and Steel Board acts as an impartial judge 
between the often conflicting interests of (a) com- 
peting steel companies anxious to increase capacity, 
(b) the need to meet consumers’ requirements for 
enough steel at a reasonable price, (c) the need to 
economize in the expenditure of capital in a 
stretched economy, and (d) local pressures on the 
location of new steel works. 


Conclusions 

The above is a necessarily brief account of the 
principal organizations and agencies concerned with 
the steel industry in the UK. It may appear to an 
onlooker from outside the UK that the steel indus- 
try is concerned with an uncomfortably large num- 
ber of organizations, some of which may get in each 
other’s way, and involve some overlapping of work. 
It must be emphasized that most of these organiza- 
tions are relatively small, and each has a clearly 
defined job to do. Since their head offices are within 
easy reach of each other in London, senior officials 
keep in contact, and there is easy and frequent con- 
sultation on any question involving more than one 
organization. Staffs are small, for instance at the 
end of 1960, the British Iron and Steel Federation 
employed 312 persons, the Iron and Steel Board 
employed 118, and the Iron and Steel Holding & 
Realisation Agency only 12. 

The recognized efficiency of the UK industry, the 
level of its expenditure in bringing its plant up to 
date, and the high morale of the industry all indi- 
cate that the existence of a number of separate 
central organizations to serve or supervise the in- 
dustry has had no adverse influence, but, on the 
contrary, has helped the industry to maintain and 
improve its efficiency under the special conditions 
of the UK which are in some ways less favorable 
for iron and steel production than the conditions of 
her American and European competitors. 

A feature which helps is that UK iron and steel- 
making capacity has been kept reasonably close to 
actual requirements so the industry achieves a high 
percentage of output related to capacity. 
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Tests conducted by Dominion Foundries & Steel Co. in conjunction with 
Esso Research have shown that heavy fuel oil is a satisfactory fuel for re- 


BLAST FURNACE 
FUEL OIL INJECTION 


placing coke in the blast furnace; furthermore, fuel oil injection adds a new 


by W. R. Rombough 


Foundries and Steel Co., and Esso Re- 
search and Engineering Co., an affiliate of Stand- 
ard Oil Co. of New Jersey, set up a joint test, starting 
in November, 1960, to prove the feasibility of replac- 
ing coke in a commerial blast furnace with heavy, 
Bunker C fuel oil. We, at Dofasco, were interested 
primarily in saving sufficient coke economically, so 
that we could delay the construction of additional 
coke ovens. Esso Research was interested in demon- 
strating the coke savings associated with various 
operating conditions, total fuel cost savings, and pro- 
duction increases to show that injecting heavy fuel 
oil into blast furnaces is an attractive proposition. 


Preliminary work 


The preliminary work leading up to full-scale test- 
ing of heavy fuel oil injection at Dofasco consisted 
of four parts: 

1) Computer studies made by Esso Research which 
indicated that substantial coke savings and produc- 
tion increases could be made using Bunker C oil; 

2) A test program to investigate nozzle design set 
up at the Linden, N. J. laboratories of Esso Research, 
using a pseudo blast furnace, blowing air at tempera- 
tures up to 2200°F, and burning coke and limestone; 
a simple, final nozzle design was evolved; 

3) Single tuyere tests on a Dofasco blast furnace 
made for final checking of the injector and injector 
supports, and to find the optimum location of the in- 
jector with respect to the nose of the tuyere; and 

4) The checking and procurement of the necessary 
instruments and equipment for the full-scale test 
carried on while these other activities were in prog- 
ress. 


Equipment and instrumentation 


Two criteria were imposed on the design and loca- 
tion of the oil injection equipment. The system must 
be fail-safe, and must be located so as to interfere as 
little as possible with normal furnace activities, and 
still be accessible for maintenance. 

At Dofasco, because of the unknown effects of oil 
addition, we wanted injection in all 14 tuyeres, and 
the oil flow to each tuyere proportioned to the air 
flow through that tuyere. In addition, we wanted to 
be able to change the oil rates on individuai tuyeres, 
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tool for the control of furnace operation. 


or to operate manually without regard to air flow. 
In other words, we wanted a completely flexible sys- 
tem to cover any conditions that might have devel- 
oped. 

Since the original installation, we have come to 
the conclusion that oil to air proportioning was not 
essential, and additional equipment has been added 
so that we now have equal oil flow to each tuyere. 
Details of the equipment and instrumentation are 
shown in Fig. 1. 

The air flow to each tuyere is measured by orifice 
plates installed in each tuyere offtake. These were 
designed for a pressure drop of 20-in. of water at 
7500 std cfm air flow under actual conditions of 
1600°F and 25 psig. The plates are made of %-in. 
thick 309 stainless steel. The impulses from the 
orifices are converted to electrical signals and sent 
to the ratio controllers located in the pyrometer 
room. The air flows are indicated and recorded on 
a strip chart as well as being used for oil flow con- 
trol. When operating with equal oil flow to each 
tuyere, the signal is used to operate a relay that 
automatically shuts off the oil flow to any tuyere 
where the air flow has dropped below a predeter- 
mined rate. 

The oil supply end of the system consists of stor- 
age tanks, pumps, strainers, and an oil heater with 
automatic temperature control. The oil is continu- 
ously circulated around the furnace through an oil 
supply manifold. With the heavy oil being used, it 
was considered necessary to have a pump-around 
system. The pressure is kept constant in the mani- 
fold by means of a pressure-control valve located 
in the return oil line. An integrating meter, located 
in the oil lines, measures the amount of oil actually 
injected into the furnace. 

From the manifold, at each tuyere, the oil flows 
through a meter which drives a tachometer gene- 
rator. The tachometer sends a flow signal propor- 
tional to the flow through the meter. This signal is 
transmitted to the ratio controller in the pyrometer 
room and is also indicated, recorded, and totalized. 
The ratio controller balances the air and oil signals 
and transmits its own signal to the oil control valve 
which, in turn, corrects the oil flow to each tuyere. 

After the oil passes through the control valve, it 
is sent to the injector pipe. A flexible hose fitted 
with a quick disconnect provides the link between 
the fixed piping and the injection nozzle. 

When there is an interruption in oil flow, the 
injector is blown out immediately with air to pre- 
vent the oil from coking in the nozzle. This is ac- 
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complished by a solenoid-operater air purge valve 
triggered by a microswitch on the oil flow control 
valve stem. 

The system was installed on our new no. 3 blast 
furnace which was blown in on August 1960. This 
furnace has a hearth diameter of 22 ft 3 in., 14 
tuyeres, and a channel-cooled carbon bosh. It is 
fitted with high top pressure equipment, and three 
25x110 ft stoves with a total heating surface of near 
650,000 sq ft. Other principal dimensions and in- 
formation are summarized in Table I. 


Test results 


Operations in November-December 1960 were en- 
couraging. These results were not the best perform- 
ance possible, since we were still learning how to 
use oil. However, they do represent a conservative 
comparison of blast furnace operation on coke with 
heavy fuel oil injection. Test results are summarized 
in Table II. 

Fig. 2 shows the most important results in graph- 
ical form. Note that we obtained a coke saving of 
175 lb per NT by injecting 133 lb per NT of heavy 
Bunker C fuel oil. This is an uncorrected replace- 
ment ratio of 0.76 lb oil per lb of 91 pct C coke. 

As in most comparisons of commercial blast fur- 
nace operating results, conditions for the base 
period (coke) and the test period (oil injection) 
were not exactly the same. However, when oil in- 
jection is compared with coke operation, we believe 
that furnace operation with oil should be even 
better than shown by the test results. The base 
period contained 11 pct more beneficiated material, 
more scrap, and lower slag volume. In addition, the 
silicon content of the hot metal averaged 0.1 pct 
lower. 

Taking these differences into account insofar as 
coke rate is concerned and using rough Flint formula 
factors, we actually got a corrected oil:coke re- 
placement ratio of 0.60 to 0.65 Ib oil per Ib coke. 
This replacement ratio compares favorably with the 
Esso Research computer predictions of 0.6 Ib oil per 
lb coke which were made before the test and were 
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based on the same burden and hot metal quality as 
the base period. 

Fuel oil injection at rates of 130 lb of oil per ton 
of hot metal had no significant effect on hot metal 
sulfur content. The 2.25 pct S fuel oil used increased 
the sulfur input to the furnace by about 20 pct 
compared to the coke operation. It would appear 
that sulfur added directly to the hot zone of the 
furnace in fuel oil does not show up in hot metal in 
the same proportion as sulfur added to the burden. 

The test was interrupted at this stage because the 
blast pressure increased rapidly as more and more 
coke was displaced. This was caused by the high 
percentage of direct shipping ore in the burden. We 
felt that we had just about reached the limit of 
smooth operating conditions with this burden at the 
700 gal per hr rate. Consequently, the test came to 
a temporary halt until we could get a better burden 
on the furnace. 

It is of interest to note that the furnace ran just 
as smoothly with the higher blast pressure and 
higher burden ratio when using oil as it did when 
operating on coke only. 

The results of the November-December tests 
were sufficiently encouraging that we are presently 
engaged in full-scale commercial use of heavy fuel 
oil on our no. 3 blast furnace. 


Blast furnace operation 


Injecting heavy fuel oil into the tuyeres of a blast 
furnace gives the furnaceman another method of 
controlling furnace operation. By merely changing 
the setting on the oil flow controller: 

1) We can vary the fuel input directly to the hot 
working zone of the furnace, as opposed to waiting 
several hours for an equivalent burden change to 
have the same effect. 

2) We can change the rate of stock movement 
down the furnace shaft by reducing the rate at 
which the coke is burned. 

3) We can raise or lower the temperature of the 
tuyere zone, and in turn the furnace hearth tem- 
perature, by taking account of the additional fuel 
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Fig. 2—Oil injection test data compared with base period test data. 


Table |. Blast Furnace Data 


Furnace no. 3 
Hearth diam 22 ft-3 in. 
Hearth area, sq ft 388.82 
Working vol, cu ft 30,400 
No. tuyeres 14 
Inwall batter, in./in. 1/12 
Height tuyeres above iron notch 8 ft-2 in. 
Height tuyeres above cinder notch 3 ft-6 in. 
Distance large bell to stockline 5 ft-0 in. 
Large bell diam 14 ft-0 in 
Small bell diam 6 ft-0 in. 
Rows cooling plates above bosh 14 

‘ype bosh Carbon 
Type cooling Channel 
Stoves: 
Size 25x110 ft 
Heating Surface-Each 215,754 
Heating Surface-Total 647, 262 
Lining Semi-Silica & Hi-Duty 
Checkers Superduty & Hi-Duty 
Burner Size 30,000 cfm 


value of the oil, or the chilling effect of adding a 
hydrocarbon to the blast. 

One of the primary objectives of the fuel oil in- 
jection tests was to determine how fuel oil injection 
affects furnace operation compared to burden ratio, 
blast temperature, and blast moisture changes. Com- 
puter studies were used as an aid for planning fur- 
nace changes. 

Increasing oil injection rate with no compensating 
change in burden ratio or blast conditions, slows 
down furnace movement. As a result, hot metal 
silicon increases just as if additional coke charges 
had been made. 

This effect can be compensated by increasing the 
burden ratio prior to increasing the oil rate. That is, 
allow time for the additional ore to enter the hot 
working zone before increasing the oil rate so as to 
keep the furnace in fuel and heat balance. 

There are indications that we can use fuel oil as 
an additional means of controlling furnace opera- 
tion. Because oil injection puts the equivalent of coke 
directly into the hot working zone of the furnace, 
we should be able to use oil injection, combined 
with changes in blast temperature and moisture, as 
a means of rapidly adjusting to meet furnace fuel 
and temperature requirements. 


Future plans 


We are on a test run of 800 Imperial gal per hr 
(960 US gal) but due to high production require- 
ments, the burden on the furnace has been changed 


Table II. Dominion Foundries & Steel 
Heavy Fuel Oil Injection Experiment on No. 3 Blast Furnace 


Injection 
Base Coke 700 Imp 


Period, Gal/Hr 
Nov. 3-12, 1960 Dec. 3-14, 1960 


Iron production, NT hot metal/day 1165 1214 
NT hot metal/day/sq ft hearth area 3.00 3.13 
Net coke rate, Ib/NT hot metal 1503 1328 
Net oil rate, Ib/NT hot metal 0 133 
Dust rate, lbs/NT hot metal 42 86 
Slag vol, lb/NT hot metal (calc.) 623 ° 700 
Burden: 
Pct unscreened ore & scale 75.8 87.1 
Pct oversize ore 14.8 12.6 
Pct pellets 9.4 0.4 
Pct Fe 54.7 53.4 
Excess scrap, lb/NT 235 115 
Flux, Ib/NT 606 648 
Slag basicity ( CaO + MgO/SiOz + AlsOs) 0.965 0.953 
Wind Blown 
Mcf/min. (metered) 61.47 62.44 
Cfm/sq in. tuyere area 165 165 
Mcf/NT hot metal 75.9 74.1 
Blast temp, °F. 1438 1561 
Moisture in blast, gr./cu ft, total* 10.8 11.8 
Blast pressure, psi 19.4 21.1 
Top pressure, in. HzO 51 54 
CO/COz Ratio» 1.9 1.6 
Iron analysis 
Pet Si 1.15 1.26 
Pct S 0.026 0.029 
Coke analysis (dry) 
Pct Ash 7.65 7.64 
Pct S 0.68 0.71 
Oil analysis 
Pct C 86.15 
Pct H 10.63 
Pct S 2.25 
Pct Ash — 0.08 
Filling sequence ooscc ooscc 
Tuyeres lost 0 
MNT on Stock lining, cumulative 83,926 121,169 
MNT on hearth lining, cumulative 83,926 121,169 
Burden ratio, lb ore/lb coke 2.18 2.58 
Charges/day 135 127 
Oil used, lb/day 0 161,700 
Coke saved, lb/day = 


Lb oil used/lb coke saved 


8 Cold blast measurement. Does not include water leak from hot 
blast valve. 
>» Approx. 


from the original base period, and we have, as pres- 
ent, no base for comparing results. However, we are 
now operating with a coke rate below 1200 lb per 
ton of iron which is considerably below normal 
conditions. 

Our plans call for going up to 1500 Imperial gal 
per hr on this furnace at a later date. 


Conclusions 


On the basis of the tests to date we have reached 
the following conclusions: 

1) It appears that Bunker C fuel oil is a satis- 
factory fuel for replacing coke in a blast furnace. 

2) The oil handling and injection equipment is 
not unduly complicated. 

3) Oil injection adds a new tool for the control 
of blast furnace operation. 

4) Operation with 130 lb of oil per ton of iron 
using 2.25 pct S fuel oil had no significant effect on 
hot metal sulfur content; when increasing fuel oil 
sulfur input beyond this level, however, the slag 
rate may have to be increased. 

5) Final decision on the hydrocarbon to be used 
must be based on overall cost. 
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FOURTH 


INTERNATIONAL 


PLANSEE SEMINAR 


Metallwerk Plansee 


Discusses Powder Metallurgy in the Nuclear Age 


by Werner Leszynski 


t is not easy to write a report on a Plansee Seminar 

without at least mentioning the magnificence of the 
Tyrolian mountains, the charm of Reutte and the 
breathtaking beauty of the Plansee. Since, however, 
a metallurgical magazine seems not to be the right 
place to do so, the reader is referred to this year’s 
July issue of National Geographic where Peter T. 
White in his Tyrolian travelogue does not fail to 
write about his impressions of Reutte and the Metall- 
werk Plansee. 

The topic of the fourth Plansee Seminar, which 
was held from June 20-24, 1961, was Powder Metal- 
lurgy in the Nuclear Age. The Seminar, attended by 
close to 400 participants from 21 nations, was opened 
by Paul Schwarzkopf. An introductory address given 
by S. Balke, Minister of Atomic Energy of the Ger- 
man Federal Republic, gave a good picture of the 
development of nuclear science essentially from the 
viewpoint of the chemist. 

Two thirds of the papers were presented in Eng- 
lish, the others either in French or German. The si- 
multaneous translation system was satisfactory in 
the presentation of papers as well as in the discus- 
sion periods. 

There were seven half-day sessions dealing with 
the application of powder metallurgy to reactor ma- 
terials, and one half-day session on refractory met- 
als. The papers were preprinted and, as a conse- 
quence, quite a few contributions to the discussions 
were so well prepared (and long) that they should 
be classified as separate papers. Since such distinc- 
tion is more or less arbitrary, it is difficult to give 
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exact figures for the number of papers. But there 
were about 40 papers on reactor materials and 10 
papers on refractory metals. 

Most of the papers fitted well into one or the other 
of the two classes. However, a few of the contribu- 
tions which have only a loose connection with the 
given topics will be mentioned first, since they ap- 
pear to be of special interest to the powder metal- 
lurgist in general. 


Theory of sintering 


In his paper on the effect of oxygen on the sinter- 
ing oxides, G. C. Kuczynski of the Univ. of Notre 
Dame reported that the sintering rates of AIl,O,, 
Fe,O,, and ZnO can be increased by increasing the 
oxygen in the atmosphere. This is assumed to be 
due to the increase of surface point defects by oxygen 
adsorption, which increases the apparent diffusion 
coefficients and thereby the sintering rate. In the case 
of UO,, the effect of excess oxygen in the lattice was 
studied. The observed decrease in sintering rate is 
explained as being due to stresses in the areas of high 
curvature (neck radius), which effect the reduction 
of UO,,,. to almost pure UO,. 

In the discussion of this paper, F. Rhines of the 
Univ. of Florida reported experimental results which 
may be of decisive significance for the applicability 
of model experiments to systems of non-uniform 
particle sizes. Kuczynski’s interpretation of his model 
experiments is based on Herring’s theory, according 
to which the scale factor in the rate equation should 
be insensitive to the wire diameter. According to ex- 
perimental results by R. T. Holt, F. N. Rhines, and 
E. H. Baldwin, this requirement of geometric simi- 
larity is violated in the sintering of parallel copper 
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wire. Accordingly, the exponent of the scale factor 
does not identify the transport mechanism in sin- 
tering. Since our present concepts of the sintering 
mechanism are largely based on results of model 
experiments, the findings reported by Rhines may 
represent the starting point of a new phase in the 
development of sintering theories. 


Structure of two component systems 


J. Gurland of Brown Univ. presented a funda- 
mental paper dealing with the spacings and contacts 
of particles of one constituent distributed in the 
matrix of another phase. In case of random distri- 
bution, simple areal and lineal analysis not only 
gives mean values, but also permits the calculation of 
the average separation of a particle and its closest 
neighbor. The continuity of a phase is determined 
by the number of contacts between its particles. The 
degree of continuity is defined as the probability of 
infinitely long chains of particles in contact. Statis- 
tical theory gives an expression for the degree of con- 
tinuity in terms of the average number of contacts 
per particle. Electrical conductivity measurements 
on silver-bakelite mixtures supplement the theory. 
The paper by Gurland appears to furnish a firm basis 
for the quantitative analysis of two-phase solid sys- 
tems and can be expected to lead to a better under- 
standing of the relations between structure and 
properties in materials such as cemented carbides 
and cermets. 


Dispersion strengthening 

In his paper, Dispersion Phases in the Powder 
Metallurgy of Nuclear Materials, F. V. Lenel of 
Rensselaer Polytechnic discussed dispersion fuel ele- 
ments and the application of dispersion strengthening 
in reactor materials. Dispersion-type fuel elements 
will be discussed later. Lenel outlined the principles 
of dispersion strengthening and mentioned, as prac- 
tical example, lead-base shielding materials, where 
the dispersed phase markedly increases heat resist- 
ance. Lenel discussed in detail the potential uses of 
dispersion-strengthened SAP-type structural mate- 
rials, as well as the use of fuels consisting of metallic 
uranium or uranium alloys, strengthened by a dis- 
persed second phase. 

W. Arbiter and G. Stern of the Nuclear Develop- 
ment Corp. of America studied in detail the effect 
of finely-divided UO, particles on uranium. The ma- 
terial is prepared from uranium powder covered 
with surface oxide films. This powder is obtained 
by hydriding uranium shot, pre-oxidizing, decom- 
posing the hydride, and a final oxidation step. The 
powder is processed by hot pressing and extrusion 
in an inert-atmosphere dry box. In analogy to SAP, 
the new material is called SUP. It has good hot-in- 
dentation hardness and bend strength at 850° and 
950°C and resistance to alpha-beta thermal cycling. 

Dispersion strengthening was also discussed in the 
final session of the Seminar, which dealt with high- 
melting materials, in a paper by G. C. Deutsch and 
G. M. Ault of NASA headquarters, which will be 
discussed in more detail later. Here it should, how- 
ever, be mentioned that these authors expect that 
materials strengthened by fine particles or fibers will 
play a significant part in future space vehicles. 

R. I. Jaffee, B. C. Allen, and D. J. Maykuth of 
Battelle Memorial Institute presented the results of 
a systematic investigation of the dispersion strength- 
ening of tungsten. The effect of up to 10 volume pct 


of fine oxides on the ductile-brittle transition and 
recrystallization behavior of tungsten was studied. 
The material was sintered to over 90 pct density and 
then processed to 25-mil strip by a combination of 
hot rolling at 1800°C, annealing, and hot-cold rolling 
at 1200°C. The oxides, ThO,, ZrO., HfO,, Al,O,, and 
UO,, were found to be essentially stable in tungsten 
during vacuum sintering at 2600° to 2800°C, while 
SiO, and MgO were volatized. Two vol pct of TiN, 
ZrN, HfN, TaN, HfC, TaC, and Ta.C were found to 
be unstable under the same conditions. Primary re- 
crystallization temperatures are raised as much as 
200°C by ThO, plus Na,O, and ZrO,, as well as by 
residual Zr or Ta remaining after decomposition 
of the respective nitrides and carbides. Residual Zr is 
not detrimental to fabricability, while residual Ta as 
well as Hf are. Dispersions of ThO, plus Na,O retard 
secondary recrystallization up to over 2700°C. The 
ductile-brittle transition temperature in bending is 
lowered by dispersions; in tungsten strip with 75 pct 
hot-cold work, recrystallized at 1800° to 2700°C, 
ThO, plus Na,O, as well as ZrO,, effect a decrease 
in transition temperature by as much as 90°C. 


Reactor materials 


The discussion of reactor materials was opened by 
an introductory paper, in which H. H. Hausner of 
Brooklyn Polytechnic very competently summarized 
the present requirements for fuel materials, cladding 
materials, coolants, moderators, and control mate- 
rials, as well as shielding and reflector materials. 
Time limitations did not permit the presentation of 
a discussion of radiation effects, which was contained 
in the preprint of the paper and will be printed in 
the Proceedings. 


Dispersion-type elements 


By far most of the papers on reactor components 
as a matter of fact, most papers presented at the 
Seminar—dealt with fuel elements. Since Lenel’s 
discussion of dispersion-type fuel elements was al- 
ready mentioned, we might as well begin with this 
type of element, where radiation damage is mini- 
mized by using dispersions of the fuel in a non-fissile 
matrix metal, such as aluminum or stainless steel. 
According to Lenel, the optimum particle size of the 
dispersed phase is of the order of 400-100 microns. 

G. M. Adamson, Jr., R. J. Beaver, and J. E. Cun- 
ningham of Oak Ridge National Laboratory reported 
experiments with aluminum-base dispersions fuels. 
Combinations of U,O, plus Al, UO, plus Al, UC, plus 
Al, and U-Al alloys with and without additions of 
3 pet Si were studied. Research-reactor experiments 
proved that burn-ups as high as 80 pct of the con- 
tained U™ atoms could be achieved. While the car- 
bide material exhibited gross swelling, dispersions of 
the oxides showed, in general, little volume change. 
The U-AlI alloys practically represented dispersions 
of UAI, in Al. Of special interest was the observa- 
tion that irradiation induced the transformation of 
UAL to UAL, 

G. W. Cunningham, E. E. Kizer, and S. J. Paprocki 
of Battelle studied the production of fuel elements 
containing 80 vol pct UO, dispersed in Cr, Mo, Cb, or 
stainless steel. Preparation of dense bodies required 
hot pressing, and an isostatic technique was found 
most successful. The most desirable structures were 
obtained with spherical UO, particles. Vapor deposi- 
tion of a thin metallic film on the individual oxide 
particles secured the continuity of the metallic ma- 
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trix. Bend strength, modulus of elasticity and 
Poisson’s ratio at room temperature, electrical and 
thermal conductivities, and thermal expansion co- 
efficients are given for the range from room tem- 
perature to 900°C. At 800°C, the thermal conduc- 
tivities of the dispersions are from three to eight 
times greater than that of pure UO,. Some degree of 
ductility (0.2 pct offset yield strength) was found 
in some of the combinations. 

L. Meny, J. Buffet, and Ch. Sauve of the French 
Atomic Energy Commission described extrusion- 
sintering procedures for the production of cladded 
bars and tubes with cores of U dispersed in Al, or 
UO, dispersed in stainless steel. The Ugine-Séjournet 
process was used in the case of the UO,-stainless 
steel elements. It was possible to produce fully dense 
bars and tubes more than 1 m long with a diameter 
of 10 to 30 mm and a wall thickness of the tube from 
2 to 5 mm. Expansion coefficients, thermal conduc- 
tivities, and tensile properties up to 1000°C were 
given for different UO, contents up to 60 pct. 

The paper by P. Loewenstein of Nuclear Metals 
Inc. on hot extrusion techniques in nuclear engineer- 
ing is listed here, although the applications of this 
versatile technique are by no means limited to dis- 
persion-type elements, but include the production of 
other cladded elements by co-extrusion, the hot 
extrusion of UO, and UC, the extrusion of control 
rods, and the extrusion of beryllium into tubes and 
other shapes. 

Plutonium elements of the dispersion-type will 
be mentioned later together with other plutonium 
elements. 


Uranium carbides and oxides 

At first glance, the program of the Seminar may 
appear to be overloaded with papers on carbides and 
oxides. This preponderancy is, however, justified and 
reflects correctly the present trend towards elements 
for higher operating temperatures, that is to say, 
for temperatures higher than the comparatively low 
melting point of metallic uranium would permit. 

In addition to the paper by Arbiter and Stern on 
SUP materials and the paper by Meny, Buffet, and 
Sauve on U-AlI dispersion elements, there was only 
one paper dealing with elemental uranium. This 
was a paper by E. LeBoulbin and P. Jabot of the 
French Atomic Energy Commission on the pilot- 
plant (10 kg daily) production of uranium powder 
by calciothermic reduction of UO,. The exothermic 
reaction is initiated by heating to about 740°C. The 
reaction product consists of fine uranium spheres 
distributed within a CaO skeleton. The CaO, to- 
gether with excess calcium, is dissolved in cold 
acetic acid. The resulting spherical powder is pyro- 
phoric. The yield is about 95 pct. While this paper 
deals with elemental uranium the authors stress 
that their material represents an excellent starting 
material for the preparation of fuels such as car- 
bides and silicides. 

The production of uranium carbide was systemat- 
ically studied by a number of authors. A. Accary and 
R. Caillat summarized the experience of the French 
Commissariat a l’Energie Atomique, covering sinter- 
ing, hot-pressing, and extrusion of U-C mixtures as 
well as sintering of UO,-C mixtures, and electron- 
beam melting of the preformed carbide. The two 
most promising techniques are 1) carbide formation 
by reactive sintering and subsequent direct sintering 
of the carbide, and 2) continuous electron-beam 
melting. 
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P. Himmelstein, B. Liebmann, and L. Schafer of 
NUKEM in Germany have prepared UC from UO, 
and graphite either by reaction in the solid state at 
1600°C in vacuum, or by melting in an argon arc. 
The authors stress that the oxide must have an ex- 
cess of oxygen to ensure the stoichiometric C content 
of UC. H. J. Hedger and M. C. Regan of the UK atomic 
research laboratories at Harwell prepared UC from 
Ca-reduced U powder and graphite, and accom- 
plished completion of carbide formation at tempera- 
tures as low as 1100°C by control of grain distri- 
bution, heating rate, and other factors. D. J. Brown 
and J. J. Stobo of C. A. Parsons & Co. in England 
obtained UC compacts of 80 pct density by cold- 
pressing and sintering of U and C powders. Arc 
melting and casting produced 99 pct dense UC. D. L. 
Keller, J. M. Fackelmann, E. O. Speidel, and S. J. 
Paprocki of Battelle investigated the sintering and 
hot-pressing characteristics of UC powders. During 
vacuum sintering, free uranium was formed by re- 
action of the carbide with impurities. The free metal 
formed a liquid phase, and sintering in the presence 
of this liquid phase led to high densities. Without a 
liquid phase, UC compacts of a uniform density of 
95 pet could be obtained by isostatic hot-pressing (at 
1400° to 1480°C and 5 tsi) of powders contained in 
metallic tubing. In production, this tubing could be- 
come the fuel element cladding. 

Since most of the authors mentioned gave repre- 
sentative values for the properties of their carbide 
compacts, their contributions should be helpful in 
evaluating the different production methods. 

The phase diagrams of the systems UC-Cr, UC-Fe, 
UC-Fe, and UC-Ni were investigated by J. Barta, 
G. Briggs, and J. White of the Univ. of Sheffield. E. 
Rudy and F. Benesovsky of Metallwerk Plansee pre- 
sented, in the discussion period, the results of their 
investigation of the systems U-Me-C, where Me 
stands for the transition metals of the 4th to 6th 
group. The aim of this investigation was the sta- 
bilization of UC against C, which would permit, for 
instance, the coating of UC particles with pyro- 
lytic graphite without formation of the undesirable 
dicarbide. For Me=Zr, Hf, Cb, and Ta, the phase dia- 
grams show regions where the carbide solid solution 
is stable in the presence of carbon. UC cannot be 
stabilized by ThC, since the Th atom is too large. 
UC-PuC solid solutions will be discussed later in 
connection with other Pu materials. 

The experience of the French Commissariat a4 
l’Energie Atomique with UO, was summarized by 
R. Delmas and R. Hauser. Delmas described produc- 
tion of UO, by calcination of ammonium uranate at 
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S. Balke, Minister of Atomic Energy of the Federal German Re- 
public, Bonn, with H. H. Hausner of New York (center) and Paul 
Schwarzkopf of Metallwerk Plansee (right). 


380°C and subsequent reduction of the UO, by 
cracked ammonia at 680°C. A powder with good 
sintering properties and high specific surface was 
obtained. A pyrophoric powder of even higher re- 
activity and larger specific surface could be pro- 
duced in a rotary-tube furnace. Hauser described the 
fabrication of bars and tubes by extrusion and sin- 
tering in cracked ammonia at 1600° to 1650°C. Iso- 
static pressing gave densities up to 10.3 g per cu cm. 

H. Doi, A. Takashima, Y. Suehiro, and T. Ito of 
Mitsubishi Metal & Mining Co. investigated the effect 
of reduction temperature and morphological factors 
on the properties of UO, obtained by calcination of 
ammonium uranate and subsequent reduction of the 
UO, or U,O,. The authors distinguished between 
ceramic and swageable UO... Swageable UO., which 
can be hammered when sheathed, was obtained by 
high-temperature reduction of UO,. The effect of 
powder characteristics and furnace atmospheres on 
the sintering behavior of UO, was studied by V. K. 
Moorthy and S. V. K. Rao of AEE India. The authors 
used UO, particles obtained from uranate as well as 
such particles obtained by decomposition and re- 
duction of uranyl organic compounds. Special atten- 
tion was given to morphological factors. The opti- 
mum sintering temperature decreased with the size 
of the crystallites; it was 1200°C for UO, from uranyl 
tannate (0.013 micron), and 1500°C for UO, from 
uranate (0.04 micron). The closed porosity was 
larger for sintering in hydrogen than in argon. 

C. Sari and E. Jonckheere of Euratom and Société 
Belge pour |’Industrie Nucléaire described a method 
of coating spherical UO, particles with Mo, Cr, Ni, 
or Fe by vacuum metallizing. The film thickness 
varied between 2 and 15 microns. 

E. Nishibori, R. Ueda, S. Yajima, S. Ichiba, Y. 
Kamemoto, and K. Shiba of the Japan Atomic En- 
ergy Research Institute have studied the diffusion of 
fission products through graphite in semi-homogene- 
ous fuel reactors, in which UO, particles are dis- 
persed in the graphite moderator. No doubt, this 
valuable contribution is not quite within the scope 
of the Seminar topic since it deals with reactor op- 
eration rather than with reactor problems, and it is 
certainly no metallurgical subject. 


Powder metallurgy without metals? 


This appears to be the right time and the right 
place to discuss the question, is it permissible to 
speak of the Powder Metallurgy of UO,—a termi- 
nology encountered in recent literature. It will be 


remembered that the title of the first book on powder 
metallurgy by F. Skaupy, Metallkeramik, that is, 
Metal Ceramics, was supposed to indicate that the 
new art essentially represented an application of 
well-established ceramic methods to metals. The 
change from the term Metal Ceramics to Powder 
Metallurgy was certainly not objectionable. How- 
ever, when the powder metallurgist applies his tech- 
niques to UO, and other oxides, it makes no sense to 
use the term Powder Metallurgy, since there are no 
metals involved. As long as we were sintering car- 
bides and other refractory compounds of the same 
electronic structure, we could argue that these ma- 
terials had metallic conductivity characteristics and, 
therefore, could be considered metals. We can not 
say the same in the case of the oxides. When powder 
metallurgists are doing the sintering, this may trans- 
form them to ceramicists, but it certainly will not 
change the fact that, according to all acceptable 
definitions, oxides are ceramic materials. It seems 
preferable that the powder metallurgists bring up 
this question before the ceramicists do it. 


UO: in binary oxide systems 


The systems of UO.-ZrO., was investigated by E. 
Gebhardt and G. Elssner of Max Planck Institut, 
who determined the lattice parameters of specimens 
sintered from powders of different grain sizes and 
annealed at different temperatures. The kinetics of 
the solid solution formation is believed to account 
for the discrepancies found in the literature. There 
are still many questions unanswered, and the authors 
consider the phase diagram far from being estab- 
lished. 

Papers on the system UO,-PuO, will be discussed 
together with other papers on plutonium fuels. 


Uranium nitride 


The preparation, compacting, sintering, and hot- 
pressing performance of UN was investigated by 
D. L. Keller, J. M. Fackelmann, E. O. Speidel, and 
S. J. Paprocki of Battelle. The nitride was prepared 
by decomposition of the hydride under nitrogen. 
Vacuum sintering at or above 1800°C results in dis- 
sociation of the nitride. High density (95 pct) was 
obtained by liquid-phase sintering. The nitride was 
considerably less reactive than the carbide, and 
sintered compacts were quite stable at room tem- 
perature, in boiling water, and also in steam at 
500°F. 


Borides 


K. J. Matterson, H. J. Jones, and N. C. Moore of the 
Plessey Co. in England prepared specimens of UB.,, 
UB,, and ThB, by direct synthesis and hot-pressing, 
and determined physical and chemical properties up 
to 1000°C. Uranium borocarbide, UBC, was prepared 
by hot-pressing of boride-carbide mixtures as well 
as from U, B, and C powders. In the discussion, L. 
Toth of Metallwerk Plansee identified, on the basis 
of indexing by the authors, the structure as being 
of the CrB-type space group D”., with the param- 
eter y, = 0132 in 4 c. In the system Th-B-C, Toth 
established at least four new phases: ThB,C, ThBC, 
ThBC,, and Th,BC,. The system Th-U-B is charac- 
terized by the complete solubility of ThB, and UB,. 
These phases are stable in the presence of graphite. 

The potential use of boride materials for control- 
rod application was discussed by A. N. Holden, E. W. 
Hoyt, W. V. Cummings, K. C. Antony, and D. L. 
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Zimmerman of Vallecitos Atomic Laboratory. Since 
borides, in general, contain less boron per cu cm 
than B,C, control-rod application may require either 
the presence of B”-enriched boron or that of a rare- 
earth material. The authors investigated the physical 
properties of the various borides, their reactivity 
with various matrices and with corrosive atmos- 
pheres, and their radiation effects. The helium re- 
tention of diborides and tetraborides compares fa- 
vorably with B,C. The authors concluded that the 
most promising areas of application include the use 
of diborides dispersed in a metal matrix and the 
use of massive borides in very high temperature, 
gas-cooled, special-purpose reactors. 


Thorium 


G. Schneider of NUKEM in Germany discussed the 
manufacturing of breeding elements from thorium 
powder. The unusually strong tendency of thorium 
to cold-weld makes it possible to compact powder to 
bodies which are so dense that subsequent sintering 
is not required. Breeding elements were prepared 
by this method. Using a pressure of about 53 tsi, a 
density of 10.5 g per cu cm was obtained. To prevent 
seizing of the powder to the die walls, aluminum 
foil (5 microns) was interposed. Sintering was not 
required, but the compacts had to be degassed by 
vacuum annealing (1 hr at 600°C). The compacts 
had the form of 32 mm-diameter discs, which were 
assembled to breeding elements of 2160 mm length. 


Plutonium 


Plutonium metal production and fabrication of 
plutonium discs in Los Alamos was shown in a very 
impressive moving picture. The preparation of pluto- 
nium powder by the hydride process and the proc- 
essing of this powder was described by the British 
team of M. J. F. Notley, J. M. North, P. G. Mardon, 
and M. B. Waldron of the UK atomic research lab- 
oratories at Harwell. To prevent oxidation, powder 
preparation was done under high-purity argon (20 
ppm). Hot-pressing was found to be superior to cold 
compacting and sintering. Best results were ob- 
tained when the load was maintained during cooling 
after pressing in the delta phase. A density of 19.1 
g per cu cm was obtained as compared with values 
of 19.3 to 19.5 for as-cast metal. 

R. Pascard of the French Atomic Energy Commis- 
sion investigated the phase diagram Pu-C by dil- 
atometric and conductivity measurements with spe- 
cial attention to carbon contents from 40 to 50 at pct 
C. The chemical reactivity of the system was also 
studied. The carbide was prepared 1) by direct ex- 
trusion of Pu and C and subsequent high-tempera- 
ture annealing; 2) by sintering of Pu-C mixtures; 
3) by sintering of the carbide preformed at low 
temperature; and 4) by sintering of carbide prepared 
by C-reduction of the oxide in the presence of a 
metallic binder (Co, Ni, Fe). 

Hypostoichiometric PuC containing about 20 pct 
Pu,C, and stoichiometric Pu.C, was prepared by A. E. 
Ogard, W. C. Pritchard, R. M. Douglass, and J. A. 
Leary of the Los Alamos Scientific Laboratory; arc 
melting of sintered pellets produced buttons up to 
99 pct of theoretical density with less than 5 pct 
impurity carbide phase. 

Pascard reported a stoichiometric UC-PuC solid 
solution up to plutonium contents of 65 pct. With 
higher plutonium contents the system consisted of 
two phases: Pu.C, and a C-deficient UC-PuC solid 
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solution. Pascard investigated the effect of calcina- 
tion atmosphere on the specific surface of PuO, 
powders. 

By sintering mixtures of PuO,, UO., and C, Ogard 
and his co-workers obtained hypostoichiometric UC- 
PuC solid solutions with no impurities detectable by 
X-ray diffraction or metallography. 

The sintering performance of UO.-PuO powders 
with PuO, contents up to 25 pct, was systematically 
studied by J. D. L. Harrison, E. Foster, and L. E. 
Russell of the UK atomic research laboratories at 
Harwell. Density, oxygen-to-metal ratio, and extent 
of solid solution were measured and correlated with 
the following experimental variables: Pu:U ratio, 
sintering atmosphere, heating rate, sintering tem- 
perature, sintering time, compacting pressure, 
amount of binder added to powders, method of prep- 
aration of PuO,, and ball-milling of the mixed pow- 
ders prior to pressing. The same system was in- 
vestigated by Pascard, who, in particular, studied 
the rates of homogenization at different tempera- 
tures. Small amounts (0.5 pet) of Cb,O,, which con- 
siderably accelerate the sintering of UO., are without 
effect in the case of the solid solutions. The labora- 
tory results summarized by Pascard permitted the 
establishment of a plant for commercial fabrication 
of UO,-PuO, fuel in the form of cylinders 6 mm in 
diameter and 10 mm in height. 

Dispersion elements of PuO, in Mo are described by 
Ogard and his co-workers; maximum densities (95.1 
pet) were obtained with a compacting pressure of 
80 tsi and sintering at 1600°C for 12 hr. The prepara- 
tion of PuO,-UO.-stainless steel dispersion elements 
for potential use in fast reactors was studied by 
Notley and his co-workers; hot-pressing at 950°C 
gave higher densities than cold-pressing and sinter- 
ing at 1300° to 1400°C. 


Beryllium 


The advantage of beryllium for heat shielding and 
micrometeroid protection in space vehicles, the state 
of the technology of beryllium, and its future poten- 
tial were discussed in the paper by Deutsch and Ault. 
The consolidation processes applicable to beryllium 
powders were evaluated by A. J. Martin and G. C. 
Ellis of the UKAWRE at Aldermaston, England. The 
authors distinguished between primary consolida- 
tion processes (loose sintering; cold-pressing and 
sintering; and hot-pressing) and direct fabrication 
processes (direct rolling; direct extrusion; and direct 
forging). Vacuum hot-pressing is most frequently 
used in practice, but certain components can be pro- 
duced advantageously by direct forging. Special 
techniques for the production of high-density beryl- 
lium with improved strength and ductility were 
studied by R. Syre and J. M. Logerot of Pechiney. 
Essentially, these techniques consist of a combina- 
tion of sintering with plastic deformation, and yield 
semi-finished products which can be further proc- 
essed by extrusion, rolling, or die-forging. Typical 
procedures for the preparation of the semi-finished 
material consist of sheathing the powder; cold-press- 
ing; then hot-pressing, e.g. at 70 tsi at moderate 
(450° to 500°C) or higher (750° to 1050°C) tem- 
peratures; and finally, hot-working (e.g. at 900°C) 
by extrusion, forging, or rolling. The same sheathing 
may be used for cold-pressing and hot-pressing, and 
in some cases, also for the final working operation. 
Soft steel is a satisfactory sheathing material. The 
semi-finished products obtained by the new tech- 
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nique have a density of 1.80 to 1.84 g per cu cm, a 
fine grain structure (40 to 50 microns), an aniso- 
tropic texture, and promising mechanical properties. 

Irradiation experiments on beryllium were de- 
scribed by J. B. Rich and G. P. Walter of the UK 
atomic research laboratories at Harwell. Tensile 
specimens of extruded beryllium irradiated at fairly 
low temperatures start to embrittle after a neutron 
dose of less than 3 x 10” nvt. This embrittlement— 
due to the formation of dislocation loops and possibly 
small clusters of defects—can be partly removed by 
annealing above 500°C. After recovery, small helium 
bubbles are formed which grow with increasing an- 
nealing temperatures. While the bubbles have no 
effect on the mechanical properties, a small decrease 
in density (1 pct) is observed after annealing at 
1000°C. At temperatures above 350°C, no effect of 
irradiation is observed up to 2 x 10” nvt. 


High-melting temperature metals 


Of special interest was the survey by G. C. Deutsch 
and G. M. Ault of NASA headquarters on present 
and future uses of powder metallurgy products in 
rockets, missiles, and space vehicles. In 1954 (See 
JOURNAL OF METALS, Nov. 1954, pp. 1214-1230) the 
same team had been of great help to all those work- 
ing with cermets and other potential jet engine 
blade materials by presenting a very clear status re- 
port. It can be expected that the report presented in 
Reutte will be appreciated as much as their paper on 
turbine materials was in 1954. Present applications 
of beryllium are described and future uses are indi- 
cated. The potential role of dispersion-strengthening 
by fine particles and fibers is recognized, special at- 
tention being given to the strengthening by whisk- 
ers. The use of tungsten for rocket nozzles and other 
applications, including the use of porous tungsten in 
the cesium engine, is discussed, as well as the use of 
carbides at high temperatures in corrosive environ- 
ments. 

The paper by Jaffee and co-workers on the effect 
of dispersions on tungsten was already mentioned. 

C. A. Brookes and B. Harris of the Univ. of Cam- 
bridge determined the tensile properties of the re- 
fractory metals, including iridium, up to 2200°C. 
Above 1300°C only W has slightly higher tensile and 
yield strengths than Ir, while Ir is superior to Mo, 
Ta, and Cb. The authors stress that the resistance 
to contamination in atmospheres containing oxygen 
and carbon, qualifies iridium for consideration as a 
high-temperature structural material. Although it is 
a face-centered cubic metal, iridium showed marked 
brittle-ductile transformation. Below the recrystal- 
lization temperature, Ir and W exhibited both inter- 
and trans-granular failure, while Cb, Mo, and Ta 
behaved as expected, that is to say, exhibited trans- 
granular failure at low temperature and inter-gran- 
ular failure at high temperature. 

G. A. Geach, A. G. Knapton, and A. A. Woolf of 
Associated Electrical Industries Ltd. presented a 
systematic investigation of arc-cast Ru-Mo alloys. 
While unalloyed ruthenium can practically not be 
processed, a solid solution with 45 at pct W has ap- 
preciable ductility and can be cold rolled and 
swaged. The hot-hardness test indicates good me- 
chanical properties up to at least 1000°C. The chem- 
ical resistance is mainly determined by the ruthe- 
nium, and the alloy can be corroded only by alkaline 
oxidizing agents. As in the case of Mo-Re alloys, the 
oxidation resistance is unsatisfactory (only slightly 


better than that of molybdenum). A silicide coating 
spalled off. An analytical method, which should be 
generally applicable to all ruthenium alloys, is de- 
scribed. 

In the discussion B. Kieffer of Metallwerk Plansee 
presented his results on the effect of tungsten on 
hardness and workability of sintered as well as cast 
ruthenium. There was a marked increase of hard- 
ness with increasing tungsten content in cast as well 
as sintered alloys. A ductility maximum was found 
of 60-65 at pct. G. Bohm of BASF in Germany re- 
ported corrosion and welding (argon and electron 
beam) results obtained with Mo-Re alloys contain- 
ing up to 50 pct Re. 

R. Lesser of Heraeus discussed the electron-beam 
melting of Cb and Ta, and R. Bakish of The Alloyd 
Corp. described vapor-plating and forming refrac- 
tory metals. C. G. Goetzel of Lockheed Aircraft and 
P. Landler of New York Univ. investigated the pro- 
tection of tungsten by pack silicizing. The results in- 
dicate a far-reaching analogy to the performance of 
Mo-Si systems. A paper by R. Mitsche, F. Gabler, 
and F. Jeglitsch of Montanistische Hochschule on the 
direct observation of sintering reactions by high- 
temperature microscopy was presented in the ab- 
sence of Prof. Mitsche, who unfortunately had or- 
ganized for the same week a Symposium on Light 
Metals in Nuclear Reactors at the Montanistische 
Hochschule in Leoben. The equipment described 
permits the observation and the taking of moving 
pictures up to 1800° to 2000°C. 


Pre-alloyed powders 


The paper by R. L. Sands and D. A. Oliver of the 
BSA Group Research Centre will be mentioned at 
this point, since it did not fit well into any of the 
previous sections. It deals with pre-alloyed powders 
(for instance stainless steel) and represents a valu- 
able summary of powder production, processing 
methods, and applications. Porous filters prepared 
from pre-alloyed powders have been used in extrac- 
tion processes for uranium and in the treatment of 
liquid-metal-coolants, while non-porous materials 
have been used as a matrix in dispersion elements 
and as canning materials. 


International Plansee Society and 
Plansee Plaque 


At the traditional triennial meeting of the Inter- 
national Plansee Society for Powder Metallurgy, 
held on June 22, the outgoing president, H. H. Haus- 
ner, reviewed the activities of the Society during the 
past three years. A valuable achievement is the com- 
pilation of a glossary of powder metallurgy terms in 
English, German, and French. The former vice presi- 
dent, I. Jenkins (England) became, according to the 
statutes, president for the next three years, and 
Michel Eudier (France) was elected vice president 
for this period. Professor J. T. Norton was awarded 
the Plansee Plaque for his fundamental work in 
powder metallurgy (see JOURNAL OF METALS, Aug. 
1961, p. 575). 

In view of the large number of papers, it was sur- 
prising that there still was time for excursions and 
social activities; these permitted the establishment 
and re-establishment of personal contacts, which the 
initiator of the Seminars, Paul Schwarzkopf, had 
proclaimed to be one of the main purposes of these 
meetings. During the Seminar the Metallwerk 
Plansee celebrated its fortieth anniversary. 
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PRESSURELESS COMPACTING 
AND SINTERING METAL POWDERS 


The basic differences between masses of loose or pressureless compacted 


metal powders and those which are compacted under pressure are dis- 


cussed. 


by H. H. Hausner 


ccording to the Standards of the Metal Powder 

Industries Federation, a compact is defined as 
an object produced by the compression of metal 
powder, generally while confined in a die, with or 
without the inclusion of nonmetallic constituents. 
I believe, however, that this definition should be re- 
vised, inasmuch as new methods in powder metal- 
lurgy have been developed during the last few 
years which permit the formation of metal powder 
compacts without the application of pressure. Stud- 
ies have shown that the sintering behavior of metal 
powder compacts, made by application of pressure 
or without pressure, is quite different. Inasmuch as 
pressureless compacting has some advantages in 
several instances over compaction with application 
of pressure, the differences between these two com- 
pacting methods should be carefully analyzed and 
evaluated, especially with respect to the behavior 
of the two different types of compacts during the 
sintering process, and also with respect to the 
physical properties of the sintered product. 


Forming metal powder compacts 


There exist several basically different powder 
metallurgy processes for both pressureless— and 
pressure-compacting methods, which are listed in 
Table I. Actually, there are some additional proc- 
esses in powder metallurgy used for forming metal 
powders into shapes; however, most of them are 
combinations of two or more processes listed in 
Table I. 

In all six processes of forming by application of 
pressure, the powder particles move during com- 
pacting and this movement depends to a certain 
extent on the direction of the applied pressure as 
well as on the friction conditions between the pow- 
der particles and the device in which the particles 
are being compacted. Table I also lists three proc- 
esses used in powder metallurgy for forming a mass 
of powder particles without the application of pres- 
sure. The movement of particles in these three 
processes, if there is any movement at all, is en- 
tirely different than the particle movement in pres- 
sure-compacting. 

In loose powder sintering, as described by Delisle’, 
Barrett et al’, and Hausner’, the loose powder is 
inserted into a mold of the desired shape and sin- 
tered in this mold. The particles do not move at all 
in this process before sintering, and keep the rela- 
tive position which they have obtained during the 
filling of the powder into the mold. , 


H. H. HAUSNER is a consulting engineer, New York, N. Y. This 
paper was presented at the First International Symposium on Ag- 
glomeration in Philadephia. 


752—JOURNAL OF METALS, OCTOBER 1961 


Vibratory compacting** of powders may also oc- 
cur in a mold or container in which the powders 
are finally sintered and this is sometimes done in a 
metal tube or other container, which, after filling 
and vibratory action, is to be extruded or swaged. 
The powder particles move in practically all direc- 
tions during vibrating and overcome friction by a 
kind of jumping; they can actually obtain a high 
packing density if the particle size distribution as 
well as the vibration characteristics are carefully 
selected. 

During the third process of pressureless forming 
in powder metallurgy, listed in Table I, i.e., slip 
casting,® the powder particles move in a very spe- 
cific and complex way which can result in a high 
green density if the slip casting conditions are care- 
fully selected. In this case, friction between the par- 
ticles is reduced to a minimum because the liquid in 
which the solid particles are dispersed acts as a lu- 
bricant. 


Basic differences 


A comparison between a mass of loose powders 
and the same powder compacted under pressure 
shows quite some differences which are worth list- 
ing and analyzing; the sintering process is strongly 
affected by these differences. 

1) The density of a mass of loose powder (ap- 
parent density) is usually low, compared to the 
density of pressure-compacted powder (green dens- 
ity), which depends on the plasticity of the powder 
and the applied compacting pressure; 

2) Loose powder particles keep their original 
shape, whereas pressure-compacted powders are 
usually (plastically) deformed, or break off into 
smaller particles if they are brittle and do not de- 
form plastically; 

3) The loose powders are, therefore, usually 
characterized by pointform contacts between the 
particles, whereas larger contact areas are formed 
by plastic deformation during the application of 
pressure; 

4) The conditions for diffusion during sintering 
are, therefore, different, depending upon whether 
diffusion starts on point contacts or on the larger 
contact areas; 

5) During pressure compacting, the total applied 
pressure is transmitted over the contacts between 
the particles; the specific pressure at the contacts 
is, therefore, considerably higher on the contacts 
than the overall pressure applied to the mass of 
powder; 

6) The pressure applied during pressure com- 
pacting results in the deformation of particles, and 
the considerably higher pressure on the contacts be- 
tween the particles causes a sizable heat formation 
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in the particles; this type of heating before the sin- 
tering treatment never occurs in any pressureless 
compacting method; 

7) Depending on the degree of deformation and 
heating, a bond is formed between the particles 
before sintering; there is no bond between pres- 
sureless-compacted powder particles other than 
that caused by adhesion; 

8) The crystals within the particles in pressure- 
less-compacted powders contain the crystal lattice 
defects which are characteristic for the method of 
powder production; the pressure-compacted powder 
particles contain additional lattice defects due to 
deformation; 

9) The lattice defects in the loose or pressure- 
less-compacted powder particles consist of point 
and linear type defects; the defects added during 
deformation in pressure compacting are mainly 
linear type defects. 

10) Most of the powder particles contain stresses, 
depending on the method of powder preparation; 
additional stresses are formed during application of 
pressure compacting; 

11) Equiaxed powder particles stay equiaxed 
when loosely or pressureless compacted; when 
pressure compacted, the particles become deformed 
and usually elongated in the direction perpendicu- 
lar to the pressing direction; 

12) The shape of the voids between the powder 
particles also becomes oriented during pressure 
compacting; since the voids are rather equiaxed in 
loosely heaped or pressureless-compacted powders, 
the orientation (elongation) of the voids depends 
on the plasticity of the powder particles; 

13) In loose or pressureless-compacted powders, 
the voids are all interconnected; in pressure-com- 
pacted powders—especially when higher pressures 
are applied—some of the pores may be closed, indi- 
vidual ones, i.e. not connected with the other pores, 
or the pores may be only partially interconnected, 
i.e., dead-end pores; and 

14) Practically all metal powders contain oxide 


Table |. Various Methods for Forming Powders into Compacts 


A. Forming of powders by application of pressure 


1. Unidirectional pressing 
a) Single action pressing 
b) Double action pressing 


Isostatic pressing 
Explosive forming of powders 
Powder rolling 


Extrusion of powders 
a) Without container 
b) Within a container 


6. Swaging of powders 


B. Forming of powders without application of pressure 


1. Loose powder sintering 
2. Vibratory compacting 
3. Slip casting 


Table II. Particle Size Distribution of Two Types of 316 
Stainless Steel Powders 


Irregularly- 
Spherical haped 

Mesh size powder, pct powder pct 
+80 trace trace 
—80 +100 1.36 
—100 +150 9.78 12.25 
—150 +200 19.50 21.04 
—200 +250 4.68 7.69 
—250 +325 26.95 25.56 
—325 + a 4.53 
— 400 39.09 25.57 


films. During pressure compacting, the oxide film 
may crack or even break loose, so that sometimes 
between powder particles the unoxidized metals 
are in direct contact. But this is not the case be- 
tween loose, unpressed powder particles~ 


Types of particle size distributions 


In any pressureless compacting process, a high 
density of the powder mass can be obtained only by 
a special packing system of the powder particles. The 
particle size distribution, therefore, has to be care- 
fully selected. 

In general, six different types of particle size dis- 
tributions can be distinguished: 

1) no regular distribution, 2) predominantly fine 
particles, 3) predominantly coarse particles, 4) par- 
ticle size distribution with maximum in the medium 
size particles, 5) uniform distribution of particles of 
all sizes, and 6) distribution with two maxima, in 
the fine and coarse particle sizes and a minimum in 
the medium particle size. 

For any compacting method where pressure is 
applied, the size distribution of the particles is of 
minor importance, especially when applied to powder 
particles of high plasticity. In pressureless compact- 
ing, however, the particle size distribution plays an 
important role—a role which is entirely different, 
depending on whether the mass of powder is to be 
finally used in the as compacted state, such as occurs 
in some kind of nuclear fuel elements, or whether 
the pressureless-compacted powder is to be subse- 
quently sintered. It seems also that a different par- 
ticle size distribution should be used for vibratory- 
compacted powders and slip-cast powders, respec- 
tively. The effects of the particle size distribution on 
the various pressureless compacting methods has 
never been carefully determined. 


Sintering of loose powders’**’ 

In order to study the sintering behavior of loose 
powders, several tests were made with two types of 
316 stainless steel powders: 1) spherically-shaped 
powder produced by Federal-Mogul-Bower Bear- 
ings, Inc., and 2) irregularly-shaped powder pro- 
duced by Vanadium Alloy Steel Corp. The particle 
size distribution of these powders is shown in Table 
II and the apparent densities of both powders as re- 
ceived and of the individual fractions are listed in 
Table ITI. 

The apparent density of the irregularly-shaped 
powder was lower, first because of the irregular par- 
ticle shape and, also due to the porosity of the indi- 
vidual particles, which lowered the particle density. 
In addition, as is to be expected with any irregularly- 
shaped particles, the apparent density decreased in 


Table II!. Apparent Densities of Two Types of 316 Stainless 
Steel Powders As Received and Fractioned by Screening 


Apparent density, g per cu cm 


Mesh size Spherical Irregularly 
powder shaped powder 
as received 4.82 2.93 
—80 +100 2.93 
—100 +150 4.46 2.82 
—150 +200 4.48 2.88 
—200 +250 4.48 2.49 
—250 +325 4.47 2.68 
—325 +400 2.53 
4.39 3.11*° 


* The —400 mesh size fraction of this powder is different in shape 
from the larger particles. 
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general with decreasing particle size (approx 2.9 to 
2.5 g per cu cm). The apparent density of the spher- 
ically-shaped powder was considerably higher 
(approx 4.5 g per cu cm), which was characteristic 
for the shape, and also indicated a higher particle 
density. 

The high apparent density of the spherical powder 
is practically independent of the particle size; this 
can be explained by the similarity of the packing 
system for coarse as well as for fine spherical pow- 
ders. Even the subsieve fraction, which has an in- 
herent particle size distribution, failed to change the 
apparent density of the spheres appreciably. How- 
ever, the apparent density of the irregular sub-sieve 
fraction increased sharply from 2.53 to 3.11 g per cu 
cm. Although this would appear to disturb the reg- 
ular pattern established, it was observed that the 
—400 mesh irregular actually contained a major pro- 
portion of spheres. 

The powder particles were screened and the indi- 
vidual size fractions of both powders were inserted 
into ceramic boats and sintered at 1300°C for 2 hr in 
highly purified hydrogen. Fig. 1 shows the densities 
of the powder fractions (apparent density), and the 
densities, after sintering at the described conditions. 
With the exception of the finest fraction of the ir- 
regularly-shaped powder (-400 mesh), the sintered 
densities of the spherical powders were higher (in- 
crease in density) than those of the irregularly- 
shaped powders; however, the rate of sintering of 
the irregularly-shaped powder was considerably 
higher than that of the spheres. With respect to the 
correlation between particle activity and lattice de- 
fects, it may be concluded that the lattice imperfec- 
tions of the irregularly-shaped particles are consid- 
erably greater than those of the spherical ones, and 
therefore cause a much faster sintering rate. A de- 
termination of the specific surfaces of the two types 
of powders revealed that the specific surface area of 
irregularly-shaped powder particles is practically 
twice that of the spherical particles of identical mesh 
size. 

An increase in apparent density usually can be 
achieved by mixing particles of various sizes—the 
guiding idea for this being that the voids between 
the larger particles are to be filled with finer par- 
ticles. Mixtures were therefore prepared from coarse 
and fine spherical powders according to Table IV. 

These three types of coarse and fine powders were 
mixed in four different percentages (80/20, 60/40, 
40/60, and 20/80), according to Fig. 2 and the ap- 
parent densities were measured. 

From the data shown in Fig. 2 one can draw the 
following preliminary conclusions: 

1) For any given mixture of fine and coarse 
powder particles, the apparent density depends on 
the difference between the coarse and fine particle 
sizes, as well as on the ratio of the amount of fines 
to coarse in the mixtures; 

2) The greater the difference in particle size be- 
tween coarse and fine powders—within the limits 
of data taken—the greater is the apparent density 
of the mixture; 

3) There is a specific ratio (approx 60/40 coarse- 
fine) for any of the coarse and fine powder mixtures 
where the apparent density is maximum (maximum 
packing density) ; 

4) The packing density of 100 pct coarse and 100 
pet fine powder particles, respectively, should be 
theoretically identical; because of the greater fric- 
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tion between the particles, the apparent density of 
the 100 pct fine ones, however, is lower than that of 
the 100 pct coarse ones; 

5) The behavior of sintered mixtures of coarse 
and fine powder particles is in some respects simi- 
lar to that described under (1); the greater the dif- 
ference in size between coarse and fine powder par- 
ticles, the greater is the sintered density; 

6) Mixtures with highest apparent density 
(highest packing density), however, did not result 
in highest sintered densities; 

7) The sintered density seems to increase up to 
a certain ratio of coarse to fines (60/40), because of 
the increasing apparent density, as well as the in- 
creasing amount of fine powder particles in the 
mixture; above this ratio, the sintered density in- 
creases mainly because of the increasing percentage 
of fines, although the packing density decreases; 

8) This is due to the greater surface activity of 
the fine powder particles and also due to the greater 
number of contact points between the particles; 

9) Maximum sintered density is obtained with 
mixtures of 20/80 coarse-fine powder particles; and 

10) Complete elimination of coarse particles 
(100 pct fines) again lowers the sintered density. 

The data given in the curves shown in Fig. 2 seem 
to indicate that sintered density cannot be correlated 
either with the density before sintering (apparent 
density) or with the particle size or total particle 
surface area. One can, however, explain the sintered 
density, d,, as being related to both factors simul- 
taneously, the density d, of the powder mass before 
sintering, as well as to the total particle surface area 
A,, and can write: 


d, = f, (d,) + f, (A,) [1] 


which refers to the sintering behavior of any mass 


Table IV. Mixing Schedule for Coarse and Fine 316 
Stainless Steel Powder Particles 


Particle fraction (mesh size) 


No. 


1 
spheres 
3 


4 irregular 


a9 
mesn 
! q 
7 
Sone: 
Sintered 
a 
x 45 + 
4 
30 
‘ 
| 
a 
a 
a 
d 
} -100 +150 325 
— 150 +200 —325 i : 
—100 +150 —250 +325 
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Fig. 2—Left—Apparent and 
sintered densities of vari- 
ous mixtures of loosely 
heaped coarse and fine 
4 spherical 316 _ stainless 
steel powder particles. 


a 


+150 
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DENSITY, g/cc 
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Fig. 3 — Right — Apparent 
and sintered densities of 
various mixtures of coarse 
(—150 +200 mesh) and 
fine (—400 mesh) irregu- 
larly-shaped 316 stainless 


\ 
\ 
\ 


steel powders. 


~ 100 80 60 40 20 
re) 20 40 60 80 
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of loose powder or even of compacted powder. In 
many cases, the first member of equation [1] dealing 
with density will be the prevailing factor deter- 
mining the sintered density and, in many cases, the 
second member will be the decisive one. For sinter- 
ing loose powders, one may assume from Fig. 2 that 
the second member of equation [1] influences the 
sintered density more than the first member, but the 
conditions are just opposite for powders compacted 
under pressure, where the second member is still 
effective, but to a considerably lesser degree than the 
first member. 

In order to compare sintering of loose powder with 
compacted powder of the same composition, tests 
were made with a spherical stainless steel powder of 
20 pct (—100 + 150) mesh and 80 pct (—325) mesh 
mixture. The highly dense powder did not compact 
at pressures of less than 50 tsi. The powder and com- 
pacts were sintered at 1300°C for 2 hr in hydrogen. 
Table V shows the results of this test. With applica- 
tion of 50 and 60 tsi pressure, the sintered density 
increased only 6 to 8 pct above that of the loose pow- 
der, at least when sintered at 1300°C. 

Mixing of the irregularly-shaped stainless steel 
particles of various sizes (—150 + 200 mesh mixed 
with —400 mesh particles), at various ratios, re- 
sulted in apparent densities as shown in Fig. 3. The 
increase in apparent density with increasing amounts 
of finer particles is due not only to the filling of fine 
particles between the coarse particles, but also due 
to the fact that the —400 mesh particles of this ir- 
regular powder are different in shape than the 
coarser particles. The coarse ones are of splatter- 


Table V. Densities of Spherical 316 Stainless Steel Powder 
(20 pet —100 +150 mesh +80 pct —325 mesh) before and 
after Sintering at 1300°C for 2 hr in Hydrogen 


Compacting Green density Sintered density 


pressure, tsi g/cu em pet g/eu cm 


5 0 
50 
61 


36. 
85 
86 


* Compacting at less than 50 tsi is not possible without binder. 


+ 


40 80 
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type shape, whereas the —400 mesh particles are 
characterized as nodular blending to spherical 
shapes. Sintering these mixtures resulted in an im- 
mense densification of the 20 pct coarse-80 pct fine 
particle mixture, and the increase from 3.18 g per 
cu cm apparent density to a sintered density of 7.00 
g per cu cm is due only to the selected particle mix- 
ture. The accompanying volume shrinkage of more 
than 50 pct is definitely undesirable. The results of 
this test with irregular powder confirm our conclu- 
sions from the test with spherical powder—that com- 
pacting is not absolutely necessary in order to obtain 
high sintered densities. 

Probably the most interesting example of sintering 
loose powder concerns the experimental work of 
Barrett, Ellis, and Knight.’ Beryllium is known for 
its extreme lack of ductility in the as-cast state, and 
also when sintered in protective gas atmosphere after 
conventional undirectional pressing of beryllium 
powder. Both processes result in a beryllium mate- 
rial of coarse grain structure. When extruded, the 
sintered beryllium is characterized by elongated 
grains, which is ductile in the direction of the grain 
elongation, i.e. in the direction of extrusion, but 
completely nonductile in any other direction. Barrett 
et al have sintered loose beryllium powder of very 
special particle size distribution in high vacuum. 
The loose powders, with closely controlled equiaxed 
pores between, were sintered by high-frequency 
heating at temperatures approaching the melting 
point of beryllium. During sintering, the. material 
transport occurred at elevated temperatures by dif- 
fusion, but at an earlier stage of sintering by evap- 
oration and condensation. The structure of the sin- 
tered beryllium, because of the large amount of 
voids and completely nonoriented pores, was char- 
acterized by uniform, small, and perfectly randomly 
oriented grains.* In this way, a beryllium metal with 
perfectly uniform ductility in all directions was ob- 
tained for the first time. 


Vibratory compacting’ 
One of the main characteristics of a mass of pow- 
der is its apparent density—the weight of a unit vol- 


ume of powder expressed in grams per cu cm deter- 
mined by a specific method. The so-called tap 
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density is defined as the apparent density of a pow- 
der obtained when the receptacle is tapped or vi- 
brated during loading, under specific conditions. 
The tap density is usually greater than the 
apparent density, because the vibrating action 
overcomes the friction between the particles and re- 
duces the formation of bridges between the particles, 
as shown in results of tests made with the following 
three differently shaped copper powders: spherical, 
irregular, and flake-shaped particles. 

The spherical powder was fabricated by atomiza- 
tion; the irregular-shaped powder was produced by 
electrolytic deposition, and the flake-shaped parti- 
cles were made by ball milling. These powders were 
screened and then adjusted in such a way that the 
particle size distribution of the three powder types 
were practically identical. (The respective tests were 
made at Rensselaer Polytechnic Institute in Troy, 
N. Y.). Table VI shows the particle size distribution 
of the three powders. The apparent density and the 
tap density of the three powders, as well as the in- 
crease in density upon tapping, as achieved by 
vibrating the powder container with a table model 
Syntron vibrator, is shown in Table VII. 

This increase in density by tapping seems to de- 
pend either on the particle shape or on the actual 
value of the apparent density. Flake powders in- 
crease in density by 74 pct, whereas spherical pow- 
ders increase by only 18 pct. There is no information 
in the literature with respect to the effect of particle 
shape on increase in density by vibrating the pow- 
der. One may also conclude, however, that the pow- 
ders with low apparent densities increase in density 
more upon tapping or by vibrations, than do powders 
with higher apparent densities. 

Vibratory compacting refers to the application of 
vibrations to a mass of powder in a container for one 
or more of the following purposes: 

1) To obtain a high density for direct sintering 
of the vibrated powder mass; 

2) To obtain a high density of the powder mass 
before subjecting it to other processes, such as swag- 
ing or extrusion; and 

3) To obtain a more uniform density distribution 
in complicated shapes. 


Fig. 4. Schematic representation of solid slip casting: a) assem- 
bled mold, b) filling the mold, c) absorbing water from the slip, 
and d) finished piece, removed from the mold and trimmed. 


Vibratory compacting can be applied to metallic 
or ceramic powders or mixtures of both. It seems 
that the particle size distribution plays an extremely 
important role in vibratory compacting. This can be 
seen from the data in Table VII showing a correla- 
tion between size distribution of UO, particles and 
the packed densities of the powder masses as ob- 
tained by the application of vibrations to the UO, 
powder, as determined by Atomics International.” 
The powders were vibrated by means of a table 
vibrator connected to a 50 w amplifier and audio- 
signal generator. The data in Table VIII indicate 
that there is good reason to believe that certain 
mixtures of coarse and fine particles result in a 
better packing density than when medium size 
particles are added to the coarse and the fine 
ones. 

Table IX shows the effect of vibrating time on 
the increase in packing density as also determined 
by Atomics International.” 

The present status of the vibratory compacting 
technique does not permit the drawing of any final 
conclusions on the usefulness of the technique, al- 
though some results reported in the literature are 
definitely promising. 

Much more experimentation has to be done with 
various particle size distributions. The data shown 
in Table VIII indicate the necessity to study care- 
fully this variable in the laboratory compacting 
process. 

It is further believed that the density of the mate- 
rial from which the powder particles have been made 
also strongly affects the final density as accomplished 
by vibrations. There is a good reason to believe that 


Table VI. Particle Size Distribution of Powders Used 


Size (mesh) ~ 150 — 200 — 250 
+ 200 +250 +325 


Wt pet 35 10 30 


Table Vil. Apparent Density, Tap Density, and Hydrogen Loss 
of the Artificial Mixtures of Three Types of Copper Powder 


Apparent Tap 
density,* density,” 
Type s/cu cm g/cucm 


Pet increase 
in density 


Hydrogen 
loss,° pet 


Irregular 
Spherical 
Flake 


* Determined according to ASTM Standard method, B 212-48. 


* Determined by loading powders into a graphite die 1 in. diam. 
and 1 in. deep, vibrating the die at a constant amplitude for 10 min 
on a Syntron vibrator, and calculating the ratio of weight to volume 
of the powder. 


* Determined according to MPI Standard method MPA 2-48, ex- 
cept that for the fake powder the specimen weighed 0.8133 g instead 
of 5 ¢ in order to have a layer of the same thickness in the boat as 
for the other two powders. 


Table Vill. Vibratory Compacting of UO.—Effect of Size 
Distribution on Packed Density*™ 


Density 
Pet Theo- 
retical 


‘Bulk 
g/cu cm 


| | 

| 
| 


we 


3 


| 38a8 


* Vibrations: 10 to 50 cps for 5 min. 
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the powder material quantity and the dimensions of 
the vessel in which the material is vibrated play an 
important role in this process. Very few investiga- 
tions have been made to study the effect of the direc- 
tion in which the vibrations are applied.‘ Probably, 
this direction is connected somewhat with the shape 
of the vessel which contains the powder. The ques- 
tion also arises whether the addition of a lubricant 
to the powder particles is as effective in vibratory 
compacting as it is in pressure compacting. 

Very little is known about the effect of frequency 
and amplitude upon the vibrations applied.‘ Are low 
frequency vibrations as successful as high frequency 
vibrations, and is there any correlation between the 
characteristics of the powder and the characteristics 
of the vibrations? Actually, the establishment of this 
correlation should be the final aim in any studies 
of vibrational compacting. The role of the duration 
of vibrations on the increase in density of the powder 
mass has already been shown in Table IX. However, 
the data shown therein do not permit any final con- 
clusions to be drawn. It can by visualized, and there 
are some indications® that the prolonged duration of 


Table iX. Vibratory Compacting of UO.—Effect of Time of 
Vibration on Density*™ 


Vibrating time, min 0 2 


0.5 1 
Density, g/cu cm 5.1 5.84 6.05 


* Vibrations: 10 to 50 cps. 
Particle size: 35-48 mesh size. 


T 


ou 


vibrations may result in segregation of the powder 
particles; and therefore, in lowering the density. 

All these unsolved problems are worth careful 
investigation, and not until this has been done, can 
we actually apply vibrations as a compacting method 
for any large-scale production. 


Slip casting 
This well known ceramic process—the casting of 
a fluid suspension of solid particles into a mold which 
the fluid penetrates, and in which the solid particles 
agglomerate during drying—represents one of the 
most important forms of pressureless compacting. 
During the last few years, it has been shown that 
the ceramic method of slip casting can also be suc- 
cessfully applied to metal powders, and that this 
method offers special advantages in the forming of 
metal-ceramic combinations, known as cermets. 
Three basically different components are necessary 
for the preparation of a slip; the powder, the liquid 
for suspension of the powder particles, and the de- 
flocculant which may also act as a binder. The slip 
must be carefully prepared in order to obtain the 
viscosity and the pH factor which minimize segrega- 
tion of the particles and which permit optimum cast- 
ing conditions. The process of slip casting itself is 
schematically indicated in Fig. 4, which shows the 
assembled plaster mold, the filling of the mold, the 
absorbing of the liquid from the slip, and the fin- 
ished part removed from the mold and trimmed. A 
modified version of the slip casting process, the so- 
called drain casting, permits fabrication of hollow 
and complicated shapes with small wall thickness. 
In the fluid suspension of particles, agglomeration 
occurs by particle movement caused by various types 
of forces. These forces are: 1) vertical movement 
due to gravitation, 2) movement of the particle 
towards the mold wall due to friction with the liquid, 
3) irregular Brownian movement of the finest par- 
ticles, 4) spinning, especially of the more spheri- 
cally-shaped particles, 5) attractive forces due to 
Van der Waals attraction and dipolar interaction; 
and 6) repulsive forces due to ionic charges. Friction 
between the particles is largely overcome by the 
lubricating action of the fluid. The particle move- 
ment also depends on the relative amount of solid 
particles in the liquid, the relative density of the solid 
vs. the density of the liquid, the particle sizes, and 
the oxide film covering the metal powder particles 
which actually determines to a large extent some of 
the attractive and repulsive forces. The many possi- 
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Fig. 6—Left—Green densi- 
ties of various molybdenum 
powder mixtures for pres- 
sure-compacted, slip cast, 
and loose powders. 


Fig. 7— Right — Sintered 
densities of various molyb- 
denum powder mixtures for 
pressure-compacted, slip 
cast, and loose powders, 
sintered at 1750°C for 5 
hr in hydrogen. 
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bilities of particle movements, and the minimum 
friction between the particles can actually result in 
a high density packing system if the particle size 
distribution is selected in such a way that it permits 
smaller particles to fill the voids between larger ones. 

Fig. 5. shows some representative curves for the 
correlation between viscosity and pH factor for 
spherical shaped stainless steel powder, as well as for 
fine tungsten and molybdenum powder particles dis- 
persed in water. These curves change with each dif- 
ferent metal powder, and with different particle sizes 
and the other variables of the slip casting process.’ 

The green strength of slip castings is determined 
to a certain extent by the type of the deflocculant 
which also acts as a binder, and is surprisingly high. 
For example, for a stainless steel powder slip con- 
taining 0.30 pct Superloid as a deflocculant at a 
water: metal ratio of 0.175, a green strength of more 
than 900 psi was attained. In other tests, green 
strengths of 1150 and 1000 psi were attained with 
0.40 pet Marex and Superloid, respectively at a con- 
stant water: metal ratio. 

The differences between sintering of powder com- 
pacts made by pressure compacting and of the same 
powders loosely heaped or slip cast are shown in 
Figs. 6 and 7.’ The powders, for this experimental 
series, were six different mixtures of molybdenum 
powder of an average of 2 and 10 micron in size, 
respectively. Fig. 6 shows the densities achieved in 
the green state, i.e. of powder either loose, slip cast, 
or pressure compacted at 7200, 20,000 and 40,000 psi. 
The density curve of the loose molybdenum powder 
mixtures is very similar to that of the loose stainless 
steel powders shown in Fig. 2; the densities of 
the pressure compacted powder have as may be 
expected, a maxima in the mixtures containing 
30 to 40 pct fine particles. The densities of the slip- 
cast powder mixtures, however, are rather surprising. 
Slip-cast powder mixtures with a majority of coarse 
particles are lower by far in density than pressure 
compacted ones; however, with increasing amount of 
fine particles, the green densities of the slip castings 
approach those of the pressure-compacted ones. The 
reason for this phenomenon is the immense friction 
in fine powder particle compacting, which is largely 
overcome when the powders are suspended in the 
slip. It is rather surprising that slip-cast fine molyb- 
denum powders have identical densities with the 
same powders compacted at 20,000 psi. 

Fig. 7 shows the density of the same molybdenum 
powder mixtures sintered however at 1750°C in 
purified hydrogen for 5 hr.’ The highest rate of densi- 
fication during sintering occurred with the loose fine 
powder particles. It is, however, most revealing to 
see that also in the as sintered state, the slip-cast 
fine molybdenum powders are of higher density than 
the same powders pressure-compacted at 72,000 psi 
and sintered. 

Experience has shown that the properties of the 
slip, and also to a certain extent of the sintered slip 
cast product, depend on the type and amount of the 
deflocculant. The most useful additions appear to be 
the ammonium and sodium salts of alginic acids, such 
as Marex and Keltex. These materials perform a 
threefold purpose of 1) deflocculation of the par- 
ticles, 2) suspension by physically holding the par- 
ticles, and 3) binding to impart green strength to the 
casting. Electrolytes, such as hydrochloric acid, and 
sodium and ammonium hydroxides, are used to ad- 
just the pH of the slip. Wetting agents are incorp- 
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orated to reduce the surface tension between the 
liquid and solid phases, and in some instances, anti- 
foaming agents are used. For metals which oxidize 
rapidly in water, certain anti-oxidation agents can 
be found. 

There is a great difference in the structure of sin- 
tered materials formed by pressure-compacting and 
slip casting, respectively. During pressure compact- 
ing, the powder particles are deformed and strongly 
cold worked. New crystal nuclei are formed and 
recrystallization takes place during sintering. 

In the slip casting process, the powder particles 
are not deformed and not cold worked. Since prac- 
tically no nucleation occurs, a continuous grain 
growth takes place in the mass of powder particles, 
first within the individual particles, and when dif- 
fusion bonding starts, grains may grow from one 
particle to another. In the slip-cast and sintered ma- 
terial with a porosity of approximately 5 pct one 
can still recognize the outlines of the original powder 
particles. 

Slip casting of metal powders and of cermet pow- 
der mixtures actually offers a new avenue in powder 
metallurgy. Slip casting should not, and never will, 
replace the conventional pressure-compacting of cer- 
tain parts, but it does permit an extension of metal 
powder applications to large and complicated shapes 
and, therefore, to the economic small-scale produc- 
tion for which the conventional powder metallurgy 
methods are not applicable. 

Slip casting of metal powders is still in the de- 
velopment stage; it will be a useful production 
method in the near future, quite similar to ceramic 
slip casting which has already been a production 
method for a long time. 


Summary 


It has been shown that methods for pressureless 
forming and compacting of metal powder particles 
can result in agglomerates of high densities. The 
size distribution of the powder particles is of prime 
importance in the three processes described in this 
paper, i.e., loose powder sintering, vibratory com- 
pacting, and slip casting. The non-deformation of 
particles and the random orientation of voids and 
particles in the powder mass can also strongly affect 
the grain structure of the pressureless compacted 
powder after sintering. It should finally be empha- 
sized that methods of compacting without application 
of any pressure are not supposed to replace the con- 
ventional powder metallurgy methods in which 
pressure is applied. It is felt, rather, that the pres- 
sureless compacting methods will widen the field 
of powder metallurgy into new directions of appli- 
cation. 
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OXYGEN-ENRICHED AIR 
IN LEAD AND ZINC SMELTING 


This paper describes the use of oxygen-enriched air in suspension zinc 


roasters, lead blast furnaces, and slag fuming furnaces at the Trail, B. C., 


by L. Landucci and F. T. Fuller 


he use of oxygen-enriched air in Cominco’s lead 
and zinc smelting operations at Trail, B. C., 
Canada, was described at the 1949 AIME Annual 
Meeting.’ Some excerpts from that presentation are 
used in this paper, which outlines current operating 
practice and experience. 

Approximately 3500 cfm of oxygen are used for 
the enrichment of process air in the lead and zinc 
plants at Trail, B. C. The oxygen is available as a 
by-product from the nearby hydrogen and ammonia 
plants of Cominco’s Chemicals and Fertilizers div. 
during the production of hydrogen from the elec- 
trolysis of water, and the production of nitrogen 
from the liquefaction of air. The oxygen, averaging 
more than 98 pct pure, is delivered at 0.5-in. Hg 
pressure. 


Suspension zinc roasters 


The suspension roasting of zinc concentrates is 
carried out at Trail in converted standard 25-ft 
diam Wedge roasters which formerly contained 
seven hearths (see Fig. 1). The drying hearth has 
been covered, and the second, third, fourth, and 
fifth roasting hearths have been removed to form 
the combustion chamber. 

Drying of the concentrate is done on the drying 
hearth and the old first roasting hearth by the cir- 
culation of hot combustion gas from the furnace 
chamber. The dried concentrate, after grinding in 
a ball mill circuit, is fed to a single burner located 
in the upper part of the combustion chamber. Oxy- 
gen is introduced at the burner fan along with the 
gases from the cyclone outlet header, and the re- 
quired amount of new air. The metal sulfides are 
converted to oxides in the chamber in an exothermic 
reaction with a heat output of approximately 2000 
Btu per lb of concentrate. 

The combustion gases go through a boiler for re- 
covery of the heat, and then through cyclones and 
a Cottrell precipitator for dust recovery. Up to 60 
pct of the roasted concentrate, referred to as calcine, 
settles on the sixth roasting hearth, the rest passing 


~ L. LANDUCCI and F. T. FULLER are with the Consolidated Min- 
ing & Smelting Co. of Canada Ltd., Trail, B. C., Canada. This 
paper was presented at the 1961 AIME Annual Meeting in St. 
Louis. 


plant of Consolidated Mining & Smelting Co. of Canada Ltd. 


out of the roaster with the gas. The product col- 
lected in the waste heat boiler joins the hearth dis- 
charge, while the dust collected in the cyclones is 
returned to the sixth hearth for sulfate decomposi- 
tion and roasting of any unreacted sulfide materials. 
Yhe materials discharged from the seventh hearth, 
the waste heat boiler, and the Cottrell precipitator 
are combined to form the finished calcine. 


Roasting Requirements 


There are three main requirements of the roasting 
operation. The first and most important one is to 
produce a calcine which will have the highest pos- 
sible zinc recovery when treated in the leaching 
plant, i.e. the zinc in the calcine should have maxi- 
mum solubility when leached with electrolytic plant 
cell overflow containing 10 pct free sulfuric acid. 
The second requirement is to produce an exit gas 
with a high concentration of sulfur dioxide, which 
is desirable for feed gas to the acid plant. The 
third is to maintain a high temperature in the exit 
gas so that a substantial recovery of waste heat can 
be made. 

In order to produce a calcine with a high zinc 
solubility, it is necessary to eliminate the sulfur and 
to minimize the formation of zinc ferrite in which 
the zinc is insoluble by conventional leaching. As- 
suming ideal quality of feed, sulfur elimination is 
dependent on temperature control and oxygen con- 
centration, while zinc ferrite formation is dependent 
on time of contact between the iron and zinc par- 
ticles at elevated temperatures during roasting. One 
of the inherent advantages of suspension roasting 
is that a very low frequency of contact is achieved. 
With an increased oxygen concentration, the sulfur 
elimination rate is increased, resulting in a higher 
throughput with no increase in zinc ferrite forma- 
tion. Operating temperatures are normally main- 
tained at between 1800°F and 1900°F with the upper 
limit imposed by the fusion point of the concentrate 
and not by the need to control zinc ferrite forma- 
tion. 

In practice, the rate of sulfur elimination and 
the control of zine ferrite formation depend prin- 
cipally on the following factors: 


1) The composition of the concentrate—the con- 
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tent of lead, zinc, iron, sulfur, isomorphous iron, and 
the iron: zinc ratio; 

2) The fineness of the concentrate—this is very 
important and should be all —200 mesh and 85 
pet —325 mesh; 

3) The temperature of the combustion chamber 
—which is controlled by various cooling mediums 
such as excess air, water, recirculated exit gas, 
and drying hearth gas; 

4) The time allowed for roasting—which depends 
on the size of the combustion chamber and the feed 
rate; and 

5) The concentration of oxygen in the combustion 
chamber—which depends on the availability of 
oxygen and air. 


Only three of the above can be considered true 
limiting factors: the size of the combustion cham- 
ber, the temperature of the chamber, and the supply 
of oxygen. 

The second requirement—production of a gas 
with maximum sulfur-dioxide content consistent 
with the production of a satisfactory calcine—is 
also important for sulfuric acid production at Trail 
and is governed to a degree by the sulfur dioxide 
content of the volume of roaster gas which the acid 
plant can handle directly. In 1960 the old individual 
furnace gas recycling system was removed, and a 
distribution system was installed to recirculate 15 
to 20 pct of the cooled exit gas to the furnaces, to 
be used in place of excess air for the temperature 
control of the furnace chamber. This resulted in 
a 10 pct increase in the sulfur dioxide concentration 
in the gas delivered to the acid plant. The recircu- 
lated gas contains only 12 to 13 pct O,, and its 
usage decreases the oxygen concentration in the 
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Fig. 1—The suspension roasting system at Cominco. 


chamber. The use of oxygen permits greater usage 
of this recirculated gas and thus contributes signifi- 
cantly to the higher sulfur dioxide concentration 
realized. 

The third requirement—maintaining a high tem- 
perature of exit gas for waste heat recovery—is 
important, but the operating temperature must be 
controlled. Too high a temperature causes partial 
fusion of the calcine on the hearth with an adverse 
effect on the calcine discharge rate, referred to as 
piling of the hearth. Increasing the oxygen con- 
centration of the combustion air results in improved 
temperature control, and also increases the reaction 
rate in suspension, thus reducing the possibility of 
concentrate being roasted on the sixth and seventh 
hearths. 


Advantages of Oxygen Enrichment 


Based on actual operating experience the follow- 
ing advantages are realized through the use of 
oxygen-enriched combustion air in the suspension 
roasting of zinc concentrate: 1) increased unit 
throughput, 2) increased sulfur-dioxide content in 
the exit gas, 3) increased heat recovery, and 4) 
steadier control and flexibility of operation. 

Increased unit throughput: Average analyses of 
typical dried, milled zinc concentrate burner feed 
and the corresponding calcine are shown in Table I. 

By increasing the concentration of oxygen in the 
combustion air a more rapid sulfur elimination is 
realized. This means that a higher tonnage rate is 
possible for any desired sulfide sulfur level in the 
calcine. This is shown in Table II. 

The results shown in Table II indicate that an 
increased daily throughput of 20 tons per roaster 
per day can be realized through the use of 200 cfm 
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Table |. Analysis of Normal Zinc Concentrate and Calcine 


Element Concentrate Calcine 
Zn 49.0 55.4 
Fe 9.5 11.0 
Pb 6.6 74 
Total S 31.8 2.3 
Sulfate S 1.7 
Sulfide S 0.6 


Table Il. Effect of Oxygen Enrichment for Various Roasting Rates 


Rate of Roast- Pct Sulfide Sulfur in Caline 
ing, tons of at Various Oxygen Levels 
furnace per & 0 cfm 200 cfm 400 cfm 1000 cfm 
120 0.6 0.3 0.1 = 
140 1.3 0.7 0.4 —_ 
160 2.0 14 0.8 0.1 
210° 3.7 2.1 0.3 
* 24-hr test run only. 
Table Ill. Lead Blast Furnace Dimensions 
Furnace No. 9 10 ll 12 
Length, in. 182 250 180 253 
Width at tuyeres, in. 86 65 74 74 
Width at top of shaft, in. 101 83 83 83 
Height, tuyeres to charge 
pilates, in. 203 200 194 192 
No. of tuyeres 56 80 48 76 
Current blast volume (at 
42 oz pressure), cfm 
NTP 10,500 10,500 


of oxygen while still producing a satisfactory grade 
of calcine. The extra heat output at the higher 
tonnage necessitates additional cooling to maintain 
temperature control of the combustion chamber. 
This control is realized by the introduction of atmos- 
pheric air or by the recirculation of a portion of 
the cooled exit gas at a temperature of 450°F. The 
volume of cooling medium which can be used is 
limited by the capacity of the cyclone fans to main- 
tain the required draft in the furnace chamber. 

Another limiting factor in any increased usage 
of recirculated exit gas is the decrease in the re- 
tention time of the zinc concentrate particles in 
the burning zone, with a possible adverse effect on 
the sulfur elimination. During the 210 tpd test 
shown in Table II it was necessary to use about 2 
gal per min of water, introduced as a spray in the 
lower level of the chamber, as a cooling medium. 

Another example of the effect of oxygen on sul- 
fide-sulfur control of the calcine at a given tonnage 
is as follows: at a treatment rate of 140 tpd, the use 
of 350 cfm of oxygen decreased the sulfide-sulfur 
in the combined hearth discharge plus boiler dust 
from a weighted average of 1.9 pct to 0.3 pct. 

Increased sulfur dioxide content of exit gas: As 
outlined previously, an increase in the concentration 
of sulfur dioxide in the exit gas is desirable at 
Trail because it results in an increase in the direct 
production of sulfuric acid. When oxygen is used 
to enrich the combustion air, it generally results, 
per se, in a decrease in the usage of atmospheric air 
per unit of zinc concentrate roasted. Test work on 
a normal roasting rate of 140 tpd indicated an in- 
crease of 0.3 pct sulfur dioxide when 140 cfm of 
oxygen was used. 


The operating practice of using a volume of re- 
circulated cooled exit gas instead of excess atmos- 
pheric air for temperature control of the chamber 
has resulted in an overall 10 to 15 pct increase in 
the concentration of sulfur dioxide in the gas to 
the acid plant. The end result in the acid plant has 
been a 10 to 15 pct increase in the sulfuric acid 
production, amounting to 70 tpd. About 15 to 20 
pet of the total volume of exit gas is recirculated, 
and this is made possible only through the usage 
of oxygen enrichment of the combustion air to 
maintain the necessary oxygen concentration in the 
chamber. 

Increased heat recovery: When oxygen is used, 
improved operation of the drying hearths results, 
and the capacity to dry the wet zinc concentrate 
is increased. Test work has indicated that, with 
the use of 140 cfm of oxygen at normal roasting rate, 
a 40 pct increase in drying capacity was obtained. 
Increased waste heat recovery is also achieved when 
oxygen is used. 

Steadier control and flexibility of operation: 
There are several miscellaneous advantages in the 
general operation which result from the use of 
oxygen. Furnace start-up after short routine shut- 
downs, which occur every eight days, is much 
faster with oxygen usage. This results in a less 
total downtime and less fuel consumption during 
each start-up period. 

Oxygen enrichment also is beneficial in instances 
where slight operating variations occur, such as 
changes in the chemical composition of the concen- 
trate or fluctuations in the rate of concentrate fed. 
Actual experience indicates the foregoing condi- 
tions are much less troublesome when oxygen is 
being used. 


Summary 

The use of oxygen enrichment of the combustion 
air in the suspension roasting of zinc concentrate 
has been practiced at Trail since 1937. The greatest 
single benefit derived from oxygen enrichment of 
the combustion air has been the increase in output 
of the same size installation without loss of roasting 
efficiency. For an average normal useage of 300 cfm 
of oxygen per roaster, the individual daily capacity 
was increased from 120 to 150 tons. Additional ad- 
vantages include increased recirculation of cooled 
exit gas for temperature control, increased sulfur 
dioxide concentration in the exit gas, higher waste 
heat recovery, greater unit drying capacity, and 
steadier operation. 


Lead blast furnaces 


In the lead smelting operations, blast furnaces 
consume the greater part of the 1500 cfm of oxygen 
which is available to the smelter. The total flow is 
usually split equally between the operating blast 
furnaces, but, if only one blast furnace is operating, 
fuming furnace charges contain more than usual 
cold slag, and 350 cfm of oxygen is used to aid in 
melting these charges. The remaining 1150 cfm is 
used in the blast furnace. The oxygen is fed into 
the bustle pipes of the blast furnaces and the fum- 
ing furnaces. 

The operation of the lead blast furnaces has been 
fully described’, and remains essentially the same 
today. But, due to progressive improvements in 
charge quality and increases in blast pressure, as 
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well as oxygen usage, blast furnace throughput has 
increased to the extent that two furnaces are suffi- 
cient to smelt the normal charge tonnage. Certain 
furnace dimensions have been changed since 1954; 
so, the present measurements are included in 
Table III. 


Increased Throughput 

The first and most obvious benefit to be derived 
from the use of oxygen in lead blast furnaces is an 
increase in throughput rate. Although no regular 
test program is followed at Trail, a close watch 
is kept on the daily throughput rates of the operat- 
ing furnaces. Comprehensive statistical analysis of 
operating data has shown that, apart from a small 
and uncertain adverse effect due to miscellaneous 
charge materials other than coke and sinter, the 
only measurable independent quantity affecting 
throughput is the oxygen addition. The blast volume 
is not counted as an independent quantity here be- 
cause the furnaces are run at a controlled blast 
pressure. Blast pressure itself is a variable with a 
marked influence on throughput rate, but since, in 
practice it is held fairly steady, it is treated as con- 
stant for this discussion. However, even with a con- 
stant blast pressure, the volume of blast actually 
used depends on conditions within the furnace. 
The size and shape of the smelting zone (which is 
directly affected by oxygen addition) as well as 
the sizing and distribution of the sinter and coke 
burden both have definite effects on blast volume, 
hence on furnace throughput. Of this latter, the 
physical quality of the sinter is most important, 
but, as there is no way of defining this quality, it 
must remain as significant but unmeasurable. How- 
ever, it is believed to account for a large part of the 
throughput variations not attributable to oxygen. 

Theoretical study based on a material and heat 
balance on one of the blast furnaces (No. 12) pre- 
dicts that every 100 cfm of oxygen added to the 
blast air should increase furnace throughput by 
1.2 tons per operating hour. Several surveys of op- 
erating figures have shown values between 1.0 and 
1.3 tons per operating hour. The latest operating 
data, during 1960, including oxygen addition levels 
from 300 to 1150 cfm (a wider range than pre- 
viously obtained), give slightly lower benefits. Un- 
fortunately, during this period there was no ex- 
perience with zero oxygen. Performance figures are 
shown in Table IV. 

The average oxygen usage in each furnace is 725 
cfm (26.1 pet O, in blast) which gives a 22.2 pct 
increase in throughput for No. 10 furnace over op- 
erations without oxygen and a 25 pct increase for 
No. 12. 


Reduced Coke Consumption 
Theory predicts that the addition of oxygen to 
a lead blast furnace will permit a reduction in the 
percentage of coke in the charge. This assumes that 
the internal furnace equilibria proceed to the same 
extent, although the rate of driving will be in- 
creased. The use of 725 cfm of oxygen in No. 12 
furnace, for example, should result in a saving of 
about 5 pct in the amount of coke needed to deal 
with any given quantity of charge. 
However, it has been Cominco’s experience that 
these coke savings have not been achieved in prac- 
tice, except in one or two cases. Analysis of operat- 
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Table IV. Effect of Oxygen on Blast Furnace Operations 


Oxygen addition, cfm 300 600 900 1,150 


Oxygen in blast, pct 23.2 25.3 27.2 28.8 
Throughput, tons/op hr* 

No. 10 furnace 31.3 33.9 36.5 38.7 

No. 12 furnace 33.2 36.3 39.5 42.2 
Coke in charge, pct* 

No. 10 furnace 11.6 11.1 10.7 10.3 

No. 12 furnace 11.0 10.9 10.8 10.7 
Lead in slag, pct* 

No. 10 furnace 2.4 2.9 3.5 3.9 

2.9 3.6 4.1 


No. 12 furnace 2.3 


* At a blast of 10,500 cfm. 


ing data in 1960 shows that No. 10 furnace did 
actually show an apparent coke saving of 0.155 pct 
on charge per 100 cfm of oxygen added, which gives 
a saving of 1.2 pct coke on charge at 26.1 pct O, in 
blast. No significant coke savings were observed on 
No. 12 furnace as is shown in Table IV. 

For good furnace operation, it is essential to 
maintain a large volume of fluid or semi-fluid ma- 
terial in the smelting zone of the furnace in order 
to maintain a downward material flow. Any en- 
croachment on this area by solid accretion will have 
an adverse effect on furnace performance, due to 
blast channeling in the charge column and reduced 
gas:charge contact time. It is the practice at Trail 
to add extra coke charges in batches to melt out any 
accretions when furnace operation begins to stagger, 
and it is probable that the coke savings shown on 
No. 10 furnace reflect a reduction in these extra 
charges. It is also the practice to add a fixed per- 
centage of coke to each sinter charge by means of 
an automatic weighing device, and to date, no at- 
tempt has been made to vary the coke percentage 
to match oxygen additions, particularly if oxygen 
enrichment for each furnace is different. 

In operating the blast furnaces, throughput has 
been the primary consideration. Having established 
significant increases in this area, it should now be 
possible to stress coke consumption and obtain fur- 
ther economic benefits. 


Increased Lead in Slag 

When oxygen is being used, particularly with the 
lower coke levels theoretically possible, conditions 
in the tuyere zone should become increasingly 
oxidizing as the oxygen level in the blast increases. 
Thus, with metallic lead descending through this 
zone, there should be an increased tendency for it 
to reoxidize and be trapped in the slag; the result 
should be a higher lead in slag at higher oxygen 
levels. Furnace operating data bear this out quite 
convincingly with a 0.2 pct Pb increase in slag for 
every 100 cfm of oxygen added. Typical assays ap- 
pear in Table IV. 

The interaction of oxygen usage and coke con- 
sumption is illustrated in plant practice, where, 
when a low-lead slag is desired, extra coke is added 
to counteract the dirtying effect of oxygen. In the 
integrated lead-zinc plant operated by Cominco, 
the increased lead in slag is not lost, but returns 
to the smelter via the slag fuming furnaces and 
the oxide leaching plant. 


Furnace Off-Take Temperatures 
Another result of oxygen addition will be an in- 
creased temperature gradient in the furnace shaft. 
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Table V. Operating Data for Slag Fuming Furnaces 


Oxygen, pct in blast air* 20.9 23.4 23.4 
Length of blows, min 160 160 133 
Number of blows/24 hr 9 9 11 
Slag output, tons/24 hr 495 495 605 
Zinc in slag, pct 

Charged 16.8 16.9 16.9 

Discharged 2.9 1.6 2.6 
Zinc, tons 

In slag charged 83.2 83.7 102.3 

In fume 71.6 77.3 89.5 

In slag tapped 11.6 6.4 12.8 
Zinc to fume, pct 86.2 92.4 87.5 
Zinc output increase, 

tons 5.7 17.9 


pet 0 


* Blowing rate is 500 cfm. 


An increased volume of gases will be leaving the 
tuyere zone at a higher temperature, but the in- 
crease in gas volume will be proportionately less 
than the increase in charge rate. The rising gases 
will, therefore, lose more sensible heat on their 
journey through the charge column, although 
whether this would result in an actual lowering of 
furnace top temperature is difficult to predict in 
theory. 

However, it has been operating experience that 
the increased use of oxygen has resulted in a lower- 
ing of the furnace off-take temperatures. When five 
blast furnaces shared 1000 cfm of oxygen, these 
temperatures were frequently as high as 1000°F, 
whereas with the present two furnaces sharing 
1500 cfm of oxygen, temperatures are down to 
350° to 400°F. Regardless of the temperature of the 
off-take gases, their lower volume relative to the 
charge rate should lead to a lower dust carry-over 
from the furnace top per ton of charge. It is difficult 
to observe this in practice because the dust is not 
weighed, but it is generally believed that dust 
from the blast furnaces has decreased from 4% pct 
to about 4 pct of charge weight coincident with in- 
creased use of oxygen. 


Slag fuming furnaces 


Reference 2 carries a full description of slag fum- 
ing furnace operations as practiced by Cominco. 
However, there are one or two departures which 
could be mentioned. For instance, slag from the 
blast furnace is collected in pots, each holding about 
9 tons, and these pots are stored nearby to await 
charging to a slag fuming furnace. The slag hold- 
ing furnaces have been removed. The normal length 
of blow has been increased from 160 min to 190 to 
195 min. Dust and fume collection is being mech- 
anized. 

In the process of slag fuming, the carbon: oxygen 
ratio is all-important. If this ratio is such as to 
produce stoichiometric combustion of carbon to car- 
bon dioxide, the maximum amount of heat is re- 
leased. But, if the ratio is doubled (50 pct com- 
bustion), the product of combustion is carbon 
monoxide which will give the maximum reduction 
of metallic oxides from the slag, although with 
the maximum absorption of heat. Combustion less 
than 50 pct gives unburned carbon which burns 
above the slag bath. In practice, 75 pct combustion 
is the average figure for Trail operations where 
the heat-producing reaction balances furnace heat 
losses and enables the endothermic reducing re- 


actions to proceed at a more or less constant tem- 
perature. The activity of zinc oxide in the slag is 
another controlling factor in the rate of reduction 
reactions, and, since this falls with the amount of 
zinc remaining in the bath, so also does the rate 
of zinc removal. Towards the end of the blow, the 
rate of heat absorption due to zinc reduction falls 
off, and the temperature of the bath rises; so, it 
has been common practice to reduce the air blast 
by about 1000 cfm for the last % hr of the blow. 
This reduces the percent combustion, increases the 
zinc reduction rate, and checks the rise in slag tem- 
perature. 

If oxygen is used in the bustle pipe to replace 
air, then, all other things being equal, the partial 
pressure of carbon monoxide will be increased and 
zinc reduction speeded up. Heat losses from the 
furnace will be reduced by the sensible heat of 
the nitrogen no longer going through the system. 

If oxygen is added over and above normal blast 
levels, the coal must also be increased to bring the 
pet combustion back to its normal figure, and the 
furnace will operate at a higher level of activity 
throughout. 

Coincidental with preparing the paper on oxygen 
presented to the AIME in 1949*, Cominco built a 
second slag fuming furnace. The capacity of the 
common gas-handling system in the two-furnace 
plant has since imposed a limit on the total amount 
of coal that can be used. This, coupled with the 
fact that a certain minimum blast air is desirable for 
turbulence, has meant much less incentive to use 
oxygen in the fuming furnaces. 

For ease of reference, certain data summarized 
from the previous report are repeated in Table V. 
These figures clearly show the advantages to be 
gained by operating the slag fuming furnaces at 
either a constant length of blow or with a constant 
pet zinc in tail slag. 

With smelter zinc input to be appreciably reduced 
a year hence, a single fuming furnace will treat all 
slag with ample gas-handling capacity to permit 
optimum coal and air levels. Then the full benefit 
of oxygen may be realized and, depending on eco- 
nomics, it is probable that at least some oxygen 
may be diverted from the blast furnaces to the fum- 
ing furnace. 


Summary 


The main benefit derived from oxygen usage in 
the lead smelter comes from the blast furnaces, 
where a definite increase in throughput rate is 
achieved and a minor and possibly significant coke 
saving is attained. These improvements are obtained 
at the expense of a slightly higher pct lead in slag, 
but this is no real loss due to recovery in the slag 
fuming furnaces. Dust losses from the furnaces may 
also have decreased slightly. 

In the slag fuming furnaces, oxygen additions 
have not had the same success. Limits set by the 
operating equipment preclude the attainment of 
the theoretical advantages; therefore, the main use 
of oxygen in this case is to shorten the melting- 
down time when only one blast furnace is operating. 
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AIME STAFF: 


GENERAL SEC RETARY—CeNEST KIRKENDALL 


ASST. SECRETARIES—v. ALFORD, H. N. APPLETON, 


4. ©. W. GHEAR MAN. C. J. HICKS 


ASST. TREASURER—JOHN LYNCH 


METALLURGICAL SOCIETY 


SECRETARY— Ww. SHEARMAN 


ASSET. SECRETARY—©. JOHNSTON 


The Pittsburgh section’s sixteenth 
Annual Off-the-Record Meeting will 
be held at the Penn-Sheraton Hotel 
in Pittsburgh on November 3. (See 
the September issue, JOURNAL OF 
METALS, p. 650). 

Registration for the meeting will 
begin at 8:30 a.m. in the lobby on 
the 17th floor. 

The National Open Hearth Com- 
mittee will begin the day with a 
business meeting in the Urban Room, 
followed by their morning session, 
which will include an Operating ses- 
sion and Metallurgical session. 

The Operating session will feature 
papers on Use of Oxygen Roof 
Lances in a Cold Metal Shop by 


David E. Todd, Armco Steel Corp.; 
Prefabricated Front Walls, by Paul 
R. Morrow, U.S. Steel Corp.; Fine 


Dust Removal by T. J. Murray, 
Armco Steel Corp.; and Continuous 
Gas Analysis by Joseph P. Manna, 
U.S. Steel Corp. Co-chairmen of the 
Operating session are Charles H. Ow 
of U.S. Steel Corp., and David R. 
Bailey of Pittsburgh Steel Co. 

The Metallurgical session co- 
chairmen are William E. Bayers of 
U.S. Steel Corp., and George L. 
Blean of Jones & Laughlin Steel 
Corp. There will be papers on the 
Use of Exothermic Side Boards by 
John W. Onuscheck, Pittsburgh 
Steel Co.; Use of Dortmund Hoerder 
Degassing Process by William C. 
Kollman, Crucible Steel Co.; and 
The Relation Between Inclusions in 
Billets and Defect Frequency in 
Seamless Pipe by R. F. Kowal and 
W. Wojcik of Jones & Laughlin Steel 
Corp. 

The NOHC afternoon session will 
be devoted to Combustion and Re- 
fractories. There will be papers on 
Fundamental Combustion Practices 
by C. L. Moloy, Bethlehem Steel Co., 
and Effect of Oxidizing and Reduc- 
ing Conditions on Basic Refractories 
by D. H. Hubble, U.S. Steel Corp. 

The session will end with a panel 
discussion on Fundamental Combus- 
tion Practices and Open Hearth Re- 
fractories. The panel will consist of 
R. J. Conklin, Wheeling Steel Corp.; 
F. A. Daggett, Bethlehem Steel Co.; 
Gordon Lloyd, Pittsburgh Steel Co.; 
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STAFF: 


OF YOUR 


PROFESSION 


16th ANNUAL OFF-THE-RECORD MEETING 
WILL BE HELD IN PITTSBURGH NOV. 3 


Robert D. Lyon, Jones & Laughlin 
Steel Corp.; Albert J. Moresco, U.S. 
Steel Corp.; and T. J. Murray, Armco 
Steel Corp. 

The Pittsburgh section’s Institute 
of Metals Group will hold morning 
and afternoon sessions in the Penn- 
Sheraton’s Monongahela Room. G. R. 
Speick, U.S. Steel Corp., and C. H. T. 
Wilkens of Mellon Institute of In- 
dustrial Research are co-chairmen of 
the morning session, which will have 
four papers. They are Direct Obser- 
vations of Dislocations in Alpha Iron 
by Electron Transmission by A. S. 
Keh, U.S. Steel Corp.; The Micro- 
structure Land Annealing of Shock 
Hardened Iron by E. Hornbogen, 
W. C. Leslie, and G. E. Dieter of U.S. 
Steel Corp.; A New Look at Strain 
Aging, Quench Aging, and Magnetic 
Aging by D. J. Knight and E. R. Ro- 
man of Jones & Laughlin; and Mor- 
phology and Crystallography of the 
Constituents Formed by Isothermal 
Transformation of Austenite by H. 
Warlimont, U.S. Steel Corp. 

The afternoon session will have 
T. W. Philip of Crucible Stee] Co. 
of America and H. T. McHenry of 
Allegheny Ludlum Steel Corp., as 
co-chairmen. Five papers will be 
presented. They are The Mechanical 
Properties of Electrodeposits by H. J. 
Read, Pennsylvania State Univer- 
sity; The Electronic Theory of the 
Primary Solid Solutions Based on 
the Noble Metals by T. B. Massalski, 
Mellon Institute; Size Relationships 
in Substitutional Solid Solutions by 
H. W. King, Mellon Institute; Metal- 
lic Vaporization During Levitation 
Melting and Chemical Homogeniza- 
tion by W. A. Peifer, Allegheny Lud- 
lum; and Thermal Diffusion of Va- 
cancies in Gold and Silver by P. G. 
Shewmon, Carnegie Institute of 
Technology. 

A suppliers cocktail party will be 
held in the Urban Room, and will 
be followed by the Fellowship Din- 
ner in the Ballroom at 7 p.m. 

Participating in the Off-the-Rec- 
ord meeting, in addition to the In- 
stitute of Metals Division and the 
NOHC, will be the Coal Division, 
Petroleum Subsection, and the Min- 
erals Industry Group. 


Boston Section 


Announces Program 
For 1961-62 Season 


Boston section, AIME, will hold 
its first meeting of the 1961-62 season 
on October 9. The speaker will be 
S. H. Autler of the Lincoln Labora- 
tory at Massachusetts Institute of 
Technology. He will discuss Super- 
conductivity and Magnets. 

The meeting on November 6 will 
feature a discussion by C. Yost of 
the Advanced Research Projects 
Agency of the Department of De- 
fense. He will speak on Materials 
Research—the ARPA Interdiscipli- 
nary Program. 

AIME President R. R. McNaughton 
of Consolidated Mining & Smelting 
Co. of Canada, Ltd., will be the 
section’s guest speaker at the meet- 
ing on December 4. His topic will be 
The Metallurgy of Lead and Zinc. 

The section’s first speaker in 1962 
will be G. E. Dieter of the Engineer- 
ing Research Laboratory of E. I. 
du Pont de Nemours & Co. He 
will discuss Effects of Explosive 
Shock Waves on Metals at the Janu- 
ary 8 meeting. 

C. S. Draper of the Department of 
Aeronautics and Astronautics, MIT, 
will discuss Astronautics and Metal- 
lurgy at the meeting on February 5, 
and M. S. Livingston of MIT’s De- 
partment of Physics will discuss 
Materials Problems in High Energy 
Electronuclear Machines, March 5. 

The meeting on April 2 will fea- 
ture a talk by R. A. Bernoff of Mel- 
cor-Materials Electronics Products 
Corp., on Current Research in Ther- 
moelectric Materials. 

C. S. Smith of MIT’s Department 
of Humanities will speak on The 
Background of Metallurgical Science 
in Works of Art at the section’s 
meeting on May 7. 

The section’s meetings are held at 
the MIT Faculty Club in Cambridge. 
Although the meetings do not start 
until 8 p.m., most of the members 
meet at 6:30 p.m. for cocktails and 
dinner. 
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Plans Are Made 
For IMD Subsection 


In San Francisco 


A group of metal scientists in the 
San Francisco area met September 
27 at Stanford University to discuss 
plans for organizing an Institute of 
Metals subsection of AIME’s San 
Francisco Section which would fur- 
ther the interest of those involved 
with the science of materials. Al- 
though the proposed subsection will 
primarily serve Metallurgical Soci- 
ety members in the Bay area, it is 
planned that the group will offer a 
high-level, seminar type of program 
to ceramists, electronics materials 
scientists, and solid state physicists 
as well as metallurgists. 

One of the features of the meet- 
ing was an address by Prof. Earl 
Parker of the University of Califor- 
nia, who discussed Current Trends in 
Materials Research. Professor Parker 
is known for his research on disloca- 
tions, imperfections, and ductile ce- 
ramic crystals. He has been active 
in AIME activities for a number of 
years and has served on several So- 
ciety committees. 

Persons in the San Francisco area 
who are interested in either at- 
tending meetings of the proposed 
subsection or working on its com- 
mittees should contact Dr. D. L. 
Douglas; Vallecitos Atomic Labora- 
tory; General Electric Co.; Pleasan- 
ton, Calif. 


Minnesota Section’s 
Annual Meeting Planne 
Jan. 15-17 in Duluth 


The Minnesota section, AIME, will 
hold its Annual Meeting in Duluth, 
January 15-17, 1962 in conjunction 
with the 23rd Annual Mining Sym- 
posium of the University of Minne- 
sota. The meeting will be held at the 
Hotel Duluth. 

The three-day program is spon- 
sored by the local section in coopera- 
tion with the School of Mines and 
Metallurgy and the Center for Con- 
tinuation Study of the university. 
Approximately 750 leaders of the 
iron ore mining industry are ex- 
pected to attend. 

About 20 technical papers will be 
presented during the six conference 
sessions. Among the subjects to be 
covered are Beneficiation and Ag- 
glomeration of Taconites; Magnetic 
Roasting and Metallized Pellets; 
Blast Furnace Performance with Ag- 
glomerates; and New Developments 
in the Exploration, Mining, and Ben- 
eficiation of Iron Ores. Proceedings 
of the meeting will be given all reg- 
istrants, or may be purchased from 
the University. 

Further information regarding the 
program and registration may be ob- 
tained from the Director, Center for 
Continuation Study, University of 
Minnesota, Minneapolis 14, Minn. 


Gerald Philip Skalka 


Reinartz Scholarship 
Is Awarded To 
Gerald P. Skalka 


The Leo F. Reinartz Scholarship 
for 1961-62 has been awarded to 
Gerald Philip Skalka of Brooklyn, 
N. Y. The award, which provides a 
$750 stipend, is sponsored by the Na- 
tional Open Hearth Stee] Committee 
of The Metallurgical Society’s Iron 
and Steel Division. It is given to an 
outstanding student who chooses to 
study metallurgy at Carnegie Insti- 
tute of Technology, Mr. Reinartz’ 
alma mater. Selection of the award 
is made by the Leo F. Reinartz 
Scholarship Award Committee. 


Mr. Skalka, the recipient of the 
scholarship, is a 1961 graduate of 
Erasmus Hall High School where he 
ranked 53 in a class of 1807. He has 
been a member of the Mathematics 
Honor Society, a student assistant in 
the English Department, photogra- 
pher for the yearbook, president and 
vice president of his class, and rep- 
resentative to the Student Assembly. 
During his senior year he was se- 
lected to attend the Engineering 
Conference sponsored by New York 
University. Mr. Skalka’s brother, 
Stanley, graduated from the Carne- 
gie Department of Metallurgical En- 
gineering in 1960. 

The Leo F. Reinartz NOHC schol- 
arship is endowed with a $20,000 
fund established by the National 
Open Hearth Steel Committee to 
honor Mr. Reinartz, 1954 President 
of AIME, for his many years of work 
with NOHC. The scholarship was 
first awarded in 1955. Mr. Reinartz is 
a consultant with Armco Steel Corp., 
Middletown, Ohio. 


Electric Furnace Conf. 
Planned December 6-8 
In Pittsburgh 


The 19th Annual Electric Furnace 
Conference will be held December 
6-8 at the Penn-Sheraton Hotel in 
Pittsburgh. Sponsored by the Elec- 
tric Furnace Committee of the Iron 
and Steel Division, the conference 
will include technical sessions and 
plant trips to Jessop Steel Co., Wash- 
ington, Pa., and to McConway and 
Torley, Pittsburgh. 

There will be a joint technical ses- 
sion on Wednesday morning, Decem- 
ber 6, on Use of Vacuum and Inert 
Gas Atmospheres in Steelmaking. 
There will also be sessions on Operat- 
ing Metallurgy, Quality Improve- 
ments in Stainless Steel, and a Spe- 
cial Arc technical session on Calcium 
Carbide and Phosphorus. 

On Thursday, there will be an 
Ingot technical session; a two-part 
Special Arc session on Ferro Alloys; 
and Castings sessions on Refractories, 
and on Effect and Control of Metal 
Temperature. 

A reception, cocktail party, and the 
Annual Fellowship Dinner will be 
held on Thursday evening. 

Friday will be devoted to the plant 
trips, with chartered buses leaving 
the hotel in the morning. 

Hotel reservations should be made 
directly with the headquarters hotel, 
the Penn-Sheraton, or other Pitts- 
burgh hotels. 

There is a registration fee of $12.00, 
which includes a copy of the bound 
Proceedings when published. There 
is no registration fee for students at 
any of the sessions unless they desire 
a copy of the Proceedings. 


NEW YORK 
UNIVERSITY 


Department of Metallurgy 
and Materials Sciences 


BERYLLIUM 
METALLURGY 
CONFERENCE 

December 4-5, 1961 


DESIGNED TO REFLECT THE INTERESTS 
OF BOTH RESEARCH AND ENGINEERING 
PERSONNEL, THE RANGE OF TOPICS IN- 
CLUDE: THE PURIFICATION, MECHANI- 
CAL METALLURGY, WELDING, BRAZING, 
MACHINING, FORGING, CORROSION AND 
STRUCTURAL APPLICATIONS OF BERYL- 
LIUM. 


REGISTRATION FEE: $25.00 


For Furruer InrormMation Contract 
Mr. M. Berk, New York 
CoLLece or ENGINEERING, New York 53, 
N. Y. LU 4-0700, Exr. 205 
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19th Annual Electric Furnace Conference 


Condensed Program 
Penn-Sheraton Hotel, Pittsburgh December 6-8, 1961 


WEDNESDAY, DECEMBER 6 


8:30am Registration 


9:30am Opening Session 
Welcoming remarks; announcements and reports. 


9:45am Joint Technical Session—Use of Vacuum and 
Inert Gas Atmospheres in Steelmaking 
Current and potential use of vacuum and inert at- 
mosphere fabrication processes; Dortmund-Hoerder 
vacuum treatment unit in operation; production of 
large ingots by consumable electrode melting. 


2:00 pm Ingot Technical Session—Operating Metal- 
lurgy 
Roping in the 400-series stainless steels; segrega- 
tion in ingots; lateral segregation of non-metallics 
in steel ingots; thermodynamic model for the de- 
oxidation of alloy steels. 


2:00 pm Castings Technical Session—Quality Improve- 
ments in Stainless Steel 
Melting of 18-8 stainless steel; melting and deoxida- 
tion of 12.00 per cent chromium steel; hot tearing 
of stainless steel; grain refinement of 17-4 steel by 
inoculation. 


2:00 pm Special Are Technical Session—Calcium Car- 
bide and Phosphorus 
Comparative value of Soderberg vs. prebaked elec- 
trodes; effect of raw material impurities on elec- 
tric furnace operation and on the finished product, 
calcium carbide; maintenance for furnace electrical 
system reliability in an elemental phosphorus plant. 


THURSDAY, DECEMBER 7 


9:30 am Ingot Technical Session—Electric Furnace 
Practices 
Improving the hot workability of stainless steel 
containing lead and tin; effects of lead and tin on 
the characteristics of stainless steels; oxygen prac- 
tice at Midvale-Heppenstall; oxygen as an aid to 
electric furnace economics; recent production rates 
and costs in large electric furnaces; automatic power 
control unit for electric furnaces. 


9:30 am Castings Technical Session—Refractories 


Metal-refractory reactions in cast steel and their 
relation to formation of macroinclusions; foundry 
ladle refractories for high-temperature alloys; re- 
fractory gun practice at National Castings Com- 
pany; current and future developments in basic 
refractories. 

9:30 am Special Arc Technical Session—Ferro Alloys I 
Production of standard ferromanganese in blast 
furnace; manufacture of standard ferromanganese 
in electric furnace; production of silicomanganese; 
earbon ferrochromium-manganese-silicon and 
ferrochromium-silicon alloys. 
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2:00 pm Ingot Technical Session—International De- 
velopments 
Pre-refining process for steelmaking; development 
of a new steelmaking process; development of the 
electric furnace industry in Japan. 


2:00 pm Castings Technical Session—Effect and Con- 
trol of Metal Temperature 
Effect of deoxidizers on gas content of 0.45 carbon 
and low-alloy steels at various temperatures; effect 
of pouring temperature on casting and mechanical 
properties; ladle temperature loss; temperature 
measuring control. 


2:00 pm Special Arc Technical Session—Ferro Alloys 
Il 


Use of waste molten slag to increase ladle refrac- 
tory life; a study of hydrogen in 50 per cent ferro- 
silicon; construction and operation of pilot plant to 
produce ferrochrome from Montana chromite con- 
centrates. 


6:30 pm Reception and Cocktail Party 
7:00 pm Annual Fellowship Dinner 


FRIDAY, DECEMBER 8 


Plant Trips 

Chartered buses will leave from the Penn-Sheraton 
Hotel in the morning for visits to the Jessop Steel 
Company, Washington, Pa., and to McConway and 
Torley, Pittsburgh, Pa. 


Please note that the plant trips are scheduled for 
Friday, the last day of the Conference. 

All operating men, repair and maintenance men, 
metallurgists, ceramic and refractory engineers, ob- 
servers, and any others interested in the production 
of more steel, better steel, and cheaper steel are in- 
vited to attend. A cordial invitation is also extended 
to all concerned with production of ferro-alloys, cal- 
cium carbide, abrasives, refractories, and other pro- 
ducts in electric-arc furnaces. 

Hotel reservations should be made directly with 
the headquarters hotel, the Penn-Sheraton Hotel, or 
other Pittsburgh hotels. 

The $12.00 registration fee includes a copy of the 
bound Proceedings when published. There is no regis- 
tration fee for students at any of the sessions unless 
they desire a copy of the Proceedings. AIME mem- 
bers are entitled to a $4.00 reduction in the registra- 
tion fee. 

If you did not attend the 1960 Conference, bound 
copies of these Proceedings will soon be available 
from Institute headquarters. Price $10.00 to the pub- 
lic ($10.50 foreign) less 30 per cent to AIME mem- 
bers and past registrants. 
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Minor Changes Made In 
Fall Meeting Program 


Minor changes have been an- 
nounced for the program of the Fall 
Meeting of The Metallurgical Society 
which will be held in Detroit October 
23-26. 

Two new papers have been added 
to the session on Continuous Cast- 
ing which will be held on Tuesday 
morning, October 24. They are The 
Continuous Casting of Steel—The 
Path of Development and Current 
Status, by Bruno Tarmann of Gebr. 
Bohler & Co., Steiermark, Austria, 
and Preliminary Operation of Con- 
tinuous Casting of Slabs from a Top 
Blown Oxygen Vessel, by Mr. Bauer, 
Societe des Forges et Acieries de 
Dilling, Dillingen, Germany. 

The new papers will replace one 
entitled The Weybridge Multiple 
Mould Process for Continuous Cast- 
ing of Tonnage Steel by J. Pearson 
and J. Savage which has been moved 
to the Tuesday afternoon session on 
Working of Cast Structures. 


Education 


(Continued from page 707) 
they are heated to temperatures of 
2000 degrees of more. 

The Olin Laboratory for Materials 
was made possible by a grant of 
$1,637,000 from the Olin Foundation. 
The building will be completed some- 
time in August 1962. 


University of Washington 

The University of Washington will 
introduce a new program leading to 
the degree of Doctor of Philosophy 
in the field of metallurgy beginning 
with the autumn quarter. 

The program is expected to assist 
in satisfying the constantly increas- 
ing need for highly trained scientists 
in the areas of chemical and physical 
metallurgy. It will result in ex- 
panded research activities and is ex- 
pected to provide assistance in the 
professional training of all students 
majoring in metallurgy. 


Personnel 
(Continued from page 698) 


excellent growth opportunities. Salary plus 
stock option and profit sharing. Connecticut. 


Metallurgist, graduate, with about five 
years experience, some of which has been in 
either refractory metals or powder metal- 
lurgy. Strong physical metallurgy back- 
ground with some experience in metal- 
lography and testing of materials helpful. 
Will carry on an applied alloy development 
program on rhenium alloys, aimed at the 
development of marketable alloys for appli- 
cation in the electronics and high tempera- 
ture fields. Excellent opportunity in newly 
created division. About $10,000 year. Con- 
necticut. W686 

Mineral Technologist to teach 25 pct of 
time and conduct research the remaining 
time. M.S. degree required, with a Ph.D. 
preferred, in either ceramics, metallurgy, 
chemical engineering, physical chemistry, or 
materials science; 25-40. Emphasis will be 
on fundamental or basic research. $7000- 
$8400 year depending upon education and 
experience. West. W665S 

Development Engineer, B.S. or M.S. in 
metallurgical engineering (#3037 & 3038), 
with minimum of three years experience in 


the metallurgy of electric furnace or open 
hearth shops. Combustion experience desir- 
able, to plan and carry out programs directed 
toward improvement of existing, and devel- 
opment of new, metallurgical processes. 
$8000-$12,000 year. Pennsylvania. W658 


Engineers for a manufacturer of elevated 
temperature alloys. (a) Manager, Metal- 
lurgical Products Department, with minimum 
of seven years in metallurgical or chemical 
processing. Some experience in vapor phase 
deposition; nuclear metalurgy desirable. 
$15,000 year. (b) Sr. Staff Engineer, Ph.D. 
in physics or electrical engineering, with 
three years experience working with solid 
state materials, lasers, masers, transistors, 
Fermi levels in solids, etc. Must have suc- 
cessfully managed a research group in metal- 
lurgy or chemistry. Salary open. (c) Staff 
Engineer, advanced degree in metallurgy or 
physical chemistry, with experience in the 
design and layout of equipment for process- 
ing vapor-deposited refractory materials. 
Also experience with the techniques of 
vacuum metallurgy. $10,000-$13,000. New 
England. W635 


Chemical or Metallurgical Engineer, grad- 
uate, to take charge of the analytical pro- 
cedures, testing quality control of the follow- 
ing: Metals, titanium, tungsten and other 
refractory metals. About $10,000 year. North- 
ern New Jersey. W628 


Manager of Metallurgical Development- 
Marketing, B.S. or M.S. in ferrous metallurgy 
with 5 to 10 years experience, including 
actual steel production experience with open 
hearth or electric furnace operation; should 
have had successful selling experience with 
ferroalloys, and should be familiar with 
these industries. Thorough knowledge of the 
field and broad contacts vitally important. 
Will be concerned with production applica- 
tions in the steel industry with concentration 
at the operating level. Will demonstrate 
products new and old, on the open hearth or 
electric furnace floor. Salary to $12,000. 
Pennsylvania. W437 


Engineers. (a) Plant Superintendent, non- 
ferrous metals and alloys, experienced in 
industrial relations, materials handiing and 
familiar with furnace operation, gas and 
electric. Must be cost conscious. (c) Pur- 
chasing Assistant, non-ferrous metals, sec- 
ondary and fabricated. Technical and metal- 
lurgical background helpful. Salaries open. 
New York Metropolitan Area. W126 


Sales Manager for foundry, graduate engi- 
neer, age to 45. Must have had at least five 
years experience in sales management. Will 
sell specialized sand castings through manu- 
facturers representatives, and be responsible 
for small inside staff handling inside sales 
and engineering problems for customers. 
Must have had experience in marketing. 
$15,000 plus incentive. Employer will pay 
fee. Headquarters, Ohio. C8754 


Metallurgist, graduate metallurgical engi- 
neer, age to 35. Must have had at least five 
years experience in mineral beneficiation re- 
search, milling plant, metallurgical, and 
production problems. Duties will involve re- 
search and development work in non-metallic 
minerals beneficiation in connection with im- 
provement of existing, and development of 
new, operations, sheet design and production 
cost estimating. Salary open. Arkansas. C8769 


Mechanical-Metallurgist, for a refinery, for 
research and development in mechanical 
properties of materials, post graduate degree 
and interest in stress analysis desired. Salary 
open. Chicago area. C8761. 


Melt Shop Superintendent, graduate metal- 
lurgist, age to 50. Must have at least 10 years 
experience as steel shop superintendent in 
plant producing 100,000 tons annually, and 
must have experience in rim steels and 
semi-kilned; for manufacture of skelp and 
plate. $10,000-$12,000. Employer will pay fee. 
Saskatchewan, Canada. C8796 


Sales-Gases and Apparatus, $500-650, in 
San Francisco Peninsula, graduate, recent 
graduate, or some experience. Able _ to 
handle sales engineering problems related to 
the use of industrial gases and apparatus for 
welding and other industrial, process, chem- 
ical, or other plant uses. Covers a broad field 
of industrial applications of a variety of 
gases and equipage for their use. For a 
district office of a national organization. 
Developed territories. Sj-6392 


Mill Operator-Lead Oxide, $500, in Texas, 
age open. Two to five years lead oxide re- 
duction, know Barton Pot, handle small 
plant, assist with new plant building, busi- 
— knowledge helpful. For a producer. Sj- 


MEMBERSHIP 


Proposed for Membership 
Metallurgical Society of AIME 
Total AIME members on July 31, 1961, was 
35,226; in addition 2,129 Student Members 
were enrolled. 


ADMISSIONS COMMITTEE 

W. L. Brytczuk, Chairman; S. C. Carapella, 
Jr.; J. W. Hanley; T. D. Jones; H. C. Larson; 
Harold Margolin; Shadburn Marshall. 

The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership. 


Members 
Costa, Edward J., Plainview, N. Y. 
Deyo, R. Daniel, South Holland, Ill. 
Faigen, Mark R., Salt Lake City, Utah 
Lindstrand, Kar! F., Halmstad, Sweden 
Morales, Jose A., Bilbao, Spain 
Ochi, Andrea, Sao Paulo, Brazil 
Spragg, J. Dennis, Massillon, Ohio 
Thiel, Gunther H., Essen, W. Germany 


A jate M bers 
Biswas, Sujut K., Pittsburgh, Pa. 


Croy, Vernon D., Barrington, Ill. 
Kahn, Muhammad S., Glasglow, U. K. 


Junior Members 
Cauley, William J., West Homestead, Pa. 
Morris, George A., New York, N. Y. 
REINSTATEMENT—JUNIOR MEMBER 
Grebetz, John, Madison, Wisc. 


REINSTATEMENT—CHANGE OF STATUS 
Junior te Member 
Bell, Gerald R., London, England 
Elijah, Leo M., Philadelphia, Pa. 
Student to Member 
Bhrany, Upendara N., Monroeville, Pa. 


SPECIAL REINSTATEMENT TO STUDENT 


Baluha, Gerald F., Colonia, N. J. 
Johnson, Theodore D., El Paso, Tex. 


CHANGE OF STATUS 
Associate to Member 


Warner, John P., Toronto, Ont., Canada 


NEW STUDENT MEMBERS 


Michigan College, Mining & Technology 
McKay, John Patrick 


Rensselaer Polytechnic Institute 
El-Shanshoury, Ismail A. 
Leonard, Robert B. 


Texas College of Arts & Industries 
King, Robert D. 


NECROLOGY 


Date Date of 
Elected Name Death 
1933 De Beck, Hubert O. July 31, 1961 
1944 Forbes, Duncan D. June 19, 1961 
1948 de la Fuente, J. J. Nov. 20, 1960 
1956 Gold, Joseph June 10, 1961 
1939 Linz, Arthur Mar. 29, 1961 
1921 McKinstry, H. E. June 30, 1961 
1928 Nebeker, Charles M. Unknown 
1912 Notman, Arthur July 19, 1961 
1932 Ogden, Daniel L. July 30, 1961 
1951 Randall, Robert Oct. 19, 1960 
1954 Safford, Alden June 13, 1961 
1921 Sample, Mat Unknown 
1919 Snyder, Grant Aug. 17, 1959 
1936 Sproule, William K. Aug. 8, 1961 
1946 Stark, Tom Aug. 3, 1961 
1960 Tuomala, Arne O. June 2, 1961 
1918 Weldin, William A. July 29, 1961 
1943 Welsh, James R. Aug. 12, 1961 


(Obituaries on next page) 
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Coming Events 


OBITUARIES 


Oct. 17-Nov. 


Oct. 16-18, 1961, Iron and Steel Institute 


(U.K. international conference on The Metal- 
lurgy of Bery — oT al Commonwealth 
Society, London, 


1961, Visit of the Iron & Steel 
Institute (rtned Kingdom) to the United 
States. 


Oct. 19-20, 1961, American Society for Qua- 


lity Control, 16th Midwest Conference, 
Chase-Park Plaza Hotel, St. Louis, Mo. 


Oct. 20, 1961, Eastern — ose 15th 
Annual T 1c arwick Ho- 
tel, Philadelphia. 


Oct. 23-26, 1961, Fall Metal- 
lurgical Society of AIME k-Fort Shelby 
Hotel, Detroit. 


Nov. 1-3, 1961, Annual Pittsbur Diffraction 
Conference, Mellon Institute, burgh, Pa. 


Nov. 3, 1961, Pittsburgh Section, 16th Off-the- 
burgh, Pa. 


Nov. 13-16, 1961, Seventh Annual Conference 
on Magnetism Magnetic Materials, Ho- 
tel Westward Ho, Phoenix, Ariz. 


Nov. 14, 1961, Buffalo Section, NOHC, 12th 
Annual Meeting, Royal Connaught "Hotel, 
Hamilton, Ont., Canada. 


Nov. 29-Dec. 1, 1961, Lron and Steel Institute 
Fall General Meeting on Future 
ronmaking in the Blast Furnace, London. 


Dec. 4, 1961, Annual Meeting, Arizona Sec- 
tion, AIME, Pioneer Hotel, Tucson, Ariz. 


Dec. 6-8, 1961, 19th Electric Furnace Confer- 
ence, Penn-Sheraton Hotel, Pittsburgh, Pa. 


Jan. 15-17, 1962, Minnesota Section, AIME, 
Annual Meeting held jointly with 23rd An- 
nual Mining Symposium, Hotel Duluth, 
Duluth, Minn. 


Jan. 17, 1962, AIME Mechanical Working 
Conference, Pick-Congress Hotel, Chicago. 


Feb. 18-22, 1962, AIME Annual Meeting, New 
York, N. Y. 


Apr. 9-11, 1962, National Open Hearth Steel 
Conference and Blast Furnace, Coke Oven, 
and Raw Materials Conference, Sheraton- 
Cadillac Hotel, Detroit. 


Apr. 12-13, 1962, Chicago section, AIME, in 
cooperation with IM Refractory Metals 
Committee, Refractory Metal Symposium, 
Morrison Hotel, Chicago, Ill. 


Apr. 12-14, 1962, AIME Pacific Southwest 
Minerals Industry Conference, Palace Hotel, 
San Francisco, Ca’ 


April 26-28, 1962, AIME Pacific Northwest 
Metals and Minerals Conference, Ben Frank- 
lin Hotel, Seattle, Wash. 


May 2-3, 1962, Iron & Steel Institute (U.K.), 
Annual General Meeting, London. 


May 7-11, 1962, American Foundrymen’s 
Society, Foundry Show, Cobo Hall, De- 
troit, Mich. 


July 2-8, 1962, Iron & Steel Institute (U-K.), 
Special Meeting in Dusseldorf, Germany, by 
invitation of the Verein deutscher Eisen- 
huttenleute. 


Aug. 27-29, 1962, AIME 4th Annual Tech- 
nical Conference on Semiconductors, Ben- 
jamin Franklin Hotel, Philadelphia, Pa. 


Sept. 19-21, 1962, AIME Rocky Mountain 
Minerals Conference, Salt Lake City, Utah. 


Oct. 28-Nov. 1, 1962, Fall Meeting of The 
Society of AIME, New York 
ity 


Nov. 28-29, 1962, Iron & Steel Institute 
(U.K.), Autumn General Meeting, London. 
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Daniel L. Ogden 


Daniel L. Ogden, who was well 
known in the US and abroad as an 
authority on copper production and 
application, died July 29, 1961 at 
Pine River, Minn. 

He was born February 28, 1893, 
and graduated from Drexel Institute 
in Philadelphia in 1914. 

After being associated with Atlas 
Powder Co., and with General Chem- 
ical Co., Mr. Ogden joined the United 
States Metals Refining Co. at Car- 
teret, N. J., in 1925 as metallurgist. 
He became director of research, 
production superintendent, and gen- 
eral superintendent. In 1946, he was 
transferred to the parent company, 
American Metal Co., Ltd. (now 
American Metal Climax, Inc.) as 
consulting metallurgist. He retired 
in 1958. 

Mr. Ogden contributed notably to 
the resolution of producer-fabricator 
problems in the copper industry, and 
was the holder of several US patents. 
He was a member of AIME, Ameri- 
can Society for Testing Materials, 
American Society for Metals, and 
the American Ordnance Assn. He 
was also active in local affairs, serv- 
ing as president of the United Roose- 
velt Building and Loan Assn. in 
Carteret, N. J., and, until his retire- 
ment, he was president of the Voca- 
tional School Board of Middlesex 
County, N. J. 

Mr. Ogden is survived by his wife, 
Flossie, and two sons, H. R. Ogden 
and D. L. Ogden, Jr. 


Albert C. Ogan 


Albert C. Ogan, assistant division 
superintendent, steel production, at 
the Duquesne (Pa.) Works of U.S. 
Steel Corp., died June 22. 

A native of Terre Haute, Ind., he 
was a graduate of Garfield High 
School and received a BS degree in 
chemical engineering from Rose 
Polytechnic Institute. 

He joined U.S. Steel at the South 
Works in Chicago in 1933 and was 
with the company until 1936 when 
he joined Northwestern Steel Co., 
for three years. He returned to U.S. 
Steel in 1939, and was transferred to 
the Duquesne Works as assistant 
superintendent, electric furnaces, in 
1945, becoming superintendent in 
1950. He became assistant division 
superintendent, steel producing, in 
1959. 

Mr. Ogan was especially active on 
the Electric Furnace Committee of 
The Metallurgical Society’s Iron and 
Steel Division. He had been chair- 
man of the Electric Furnace Execu- 
tive Committee, chairman of the 
Conference Committee, and chair- 
man of the Editorial Board, which 
is responsible for the Proceedings 
of the Electric Furnace Conference. 


Advertiser's Index 


Ajax Magnethermic 
American Brake Shoe 


American Potash & Chemical Corp. 
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ON THE “PLUS” SIDE 


Nickel 
Monel 
Inconel 
Molybdenum 
Cobalt 
Nickel-Chrome Alloys 
Stainless Steels 

+ Jet Alloys 

Titanium 

¢ Zirconium 

Tantalum 


FRANKEL 


COMPANY, ING. 
300 Filer Avenue © Detroit 34, Michigan © FOrest 6-5300 


Not a single piece of scrap making up your 
shipment of secondary alloys fe@m Frankel contains 
less than the amounf@falloying agents 

you specify. This means that the average 

content of the alloying agents is tothe maximum 
side of your Specification. 

That's your standard Frankel bonus. 

You pay nothing for it. 

No wonder more and more buyers of secondary 
special alloys are turning to Frankel. 
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CALCIUM SILICON FOR GOOD PRACTICE 


If you're the doctor when it comes to steel production, you probably know the benefits 
of prescribing calcium silicon as a deoxidizer and degassifier. This versatile alloy is neither a 
cure-all nor miracle drug, but it does a big important job of ‘cleaning’ steel . . . bearing, air- 
craft-quality and stainless steels, as well as carbon and alloy steel castings. 


Ohio Ferro-Alloys is a major producer of calcium silicon . . . maintains stocks of lump and 
crushed sizes at plarits and warehouses that are as nearly convenient to you as your neighbor- 
hood drug store. 


A phone call wil! bring you complete information. If a nurse answers, hang up. 


Birmingham, Boston, Chicago, Dayton, Denver, De- 
troit, Houston, Kansas City, Los Angeles, Minne- 
apolis, Philadelphia, Pittsburgh, St. Louis, Salt 
Lake City, San Francisco, Seattle, Vancouver, B.C. 
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